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Dear  Sir*.  I  have  the  honor  to  present  herewith  a  report  giving 
the  results  of  the  work  of  the  geological  and  natural  history  survey  of 
the  state  for  the  past  year,  so  far  as  it  is  possible  to  put  them  into 
shape  for  publication.  Investigations  are  being  carried  forward  in 
the  litholog}'  of  the  crystalline  rocks  and  in  the  palaeontology  of  the 
fossil iferoiis  ores,  which  are  not  as  far  advanced  as  to  warrant  report. 
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N.    H.  WlNCHELL, 
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in  the  laboratory  and  museum  and  office.     He  has  given  his  spare 
time  to  the  examination  of  the  insects  of  the  state. 

Mr.  Arthur  was  not  engaged  in  botanical  work  owing  to  the  exac- 
tions of  other  professional  engagements  which  he  had  to  meet. 

Mr.  TJlrich  resumed  in  September  his  work  on  the  bryozoa  of  the 
Silurian,  and  has  been  engaged  on  them  ever  since. 

In  my  absence  from  home  my  wife  has  attended  to  the  reading  of 
proof,  both  of  the  final  and  of  the  annual  reports,  and  to  my  corres- 
pondence. 

At  the  request  "of  Mr.  Herrick  that  portion  of  his  manuscript  which 
he  had  submitted  was  returned  to  him  for  revision  and  completion. 
He  has  since  returned  it  in  final  readiness  for  publication.  I  have 
also  received  a  statement  from  Dr.  P.  L.  Hatch  that  his  report  on  the 
birds  of  the  state  is  ready  and  will  be  furnished  at  any  time  on  a  few 
days'  notice.  He  desires  to  retain  it  for  the  purpose  of  entering  the 
latest  observations. 

The  specimens  belonging  to  the  museum  have  increased  at  the  usual 
rate,  and  a  report  on  the  accessions  is  herewith  submitted. 

Several  American  and  foreign  societies  have  begun  to  send  their 
proceedings  and  reports  to  the  survey — indeed  some  have  done  it  for 
several  years,  but  recently  the  number  has  increased.  These  scientific 
works  are  of  a  strictly  technical  character  and  should  be  preserved  to 
form  a  collection  for  the  use  of  the  scientific  professors  of  the  univers- 
ity The  collection  will  be  augmented  from  year  to  year  as  the  pub- 
lications of  the  survey  are  extended. 
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REPORT  OF  N.  H.  WINCHELL. 

la  the  month  of  July,  a  party  was  organized  to  make  reconnoiusance 
of  the  area  of  the  original  Huronian  on  the  north  shore  of  lake  Huron, 
of  the  iron-bearing  rocks  of  the  Marquette  range,  in  Michigan,  and  of 
the  Gogebic  and  Penoke  ranges  in  Wisconsin.  The  results  of  observ- 
ations made  during  these  reconnoissances  will  be  given  briefly,  since 
they  have  a  direct  bearing  on  the  stratigraphy  of  the  rocks  of  north- 
eastern Minnesota.  Following  this  will  be  given  further  descriptive 
notes  and  diagrams  of  the  geology  of  the  crystalline  rocks  in  the 
northeastern  part  of  Minnesota. 

THB  ORIGINAL   HUROIOAN. 

Bruce.  At  the  Wellington  mines,  and  also  at  the  old  Bruce  mines 
about  a  mile  further  east,  the  country  rock,  so  far  as  seen,  embraces 
only  eruptives.*  The  mines  themselves  consist  of  excavations  in 
quartz  veins,  or  in  old  fissures  in  the  country  rock  filled  and  ce- 
mented by  quartz  and  embracing  many  fragments  of  the  wall-rock. 
These  veins  run  in  various  directions^  but  those  which  were  worked 
for  the  copper  sulphuret  run  about  N.  15°  W.  (mag.).+  The  aspect  of 
these  veins,  and  of  this  ^'dioryte,"  is  like  that  of  the  formation  seen  at 
Silver  Islet  on  the  north  side  of  lake  Superior;  the  sulphide  ore  here 
being  copper  and  there  silver  galena. 

The  rock  No.  1149  represents  large  areas  of  this  dioryte  at  this 
place.  It  is  found  at  the  village  of  Bruce,  and  in  front  of  the  old 
Wellington  stamp-works.  It  has  when  weathered  a  finely  specked  sur- 
face, due  to  the  whitening  of  the  crystal  grains  of  the  plagioclase.  It 
is  heavy,  dark  or  greenish-gray  within,  massive,  mainly  without  any 

*  My  brotb«r,  howerer  viaited  an  outcrop  of  "  limMtone  **  a  little  northwest  from  the  old  Wellington 
location,  and  at  a  mile  and  a  quarter  northeastward  black  slatei  were  seen  having  apparently  a  high 
dip  toward  lake  Hnron, 

t  According  to  the  small  atlas  accompanying  the  Canadian  Geological  Sanrey  report  (1808)  the  vari- 
atton  of  the  needle  at  Theesalon,  on  the  aainorlty  of  Mr.  Salter,  is  aboat  4^  to  the  west. 
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bedding  structure  but  occasionally  rudely  sheeted  like  overflow  erup- 
tiveSy  jointed  in  all  directions,  apparently  identical  with  much  rock 
that  accompanies  the  black  slates  on  Pigeon  river  in  Minnesota.  The 
fineness  of  its  grain  varies  sometimes  gradually,  and  sometimes  sud- 
denly. Rock  1150  which  seems  to  be  only  a  finer  grained,  even 
aphanitic,  variety  of  1149,  occurs  in  narrow  dykes  and  in  patches  in 
it,  evidently  eruptive  in  the  coarser  dioryte. 

Crossing  rock  1149  occurs  a  great  dyke,  running  nearly  N.  and  S. 
rising  near  the  lake  shore  and  extending  onto  the  hills  in  the  village. 
This  dyke,  represented  by  rock  No.  1151,  is  composed  apparently  of 
the  same  ingredients  as  rock  1149,  but  the  grains  are  finer,  and  the 
rock  much  darker  and  heavier. 

Thessaloriy  Ontario.  Considerable  careful  observation  was  made  at 
this  typical  Huronian  locality.  At  the  mouth  of  the  river  both  shores 
were  seen  to  be  composed  of  the  same  rock  as  above  described  at 
Bruce,  especially  in  its  coarser  parts.  It  is  grayish  to  dark,  often 
with  a  greenish  tint.  It  commonly  presents  a  speckled  weathered  sur- 
face, owing  to  the  decay  of  the  feldspar  grains  which  are  thickly 
crowded  among  the  augites,  but  it  graduates  into  finer-grained  rock 
which  again  passes  into  very  fine-grained,  nearly  black  rock.  The 
following  samples  illustrate  this : — 

1152.  Very  fine-grained,  sometimes  aphanitic  and  nearly  black. 

1153.  Coarser-grained,  speckled  on  the  weathered  surface. 

1154.  Coarser-grained,  speckled  on  the  weathered  surface. 

1155.  Medium-grained,  and  somewhat  speckled  with  porphyritic 
feldspar,  also  with  a  reddish  vein  of  granulyte. 

These  samples  were  obtained  at  the  mouth  of  the  Thessalon  river, 
on  the  right  bank.  The  rocks  from  which  these  samples  are  derived 
all  grade  into  each  other  here  in  short  intervals.  To  this  point  con- 
siderable observation  was  given.  There  is  a  confusion  of  strike,  or 
what  might  be  considered  strike,  the  directions  being  seen  only  in 
short  spaces,  indicating  either  that  there  has  been  a  breaking  of  all 
the  structures  and  a  recementing,  or  an  original  molten  state,  with 
considerable  irregularity  of  fiow. 

On  the  left  (eastern)  bank  of  the  river,  near  the  lake,  is  a  large  sur- 
face exposure  of  similar  rock,  extending  along  the  lake  shore  for  some 
distance  eastward,  and  also  inland  toward  the  northeast,  its  full  ex- 
tent not  being  ascertained.  The  rock  here  varies  in  bands  and  wide 
irregular  belts,  with  beautiful  glaciation.  It  changes  abruptly  in  its 
direction  of  trend,  and  it  rises  and  falls  in  low  hillocks  that  are  sepa- 
rated by  swamps  or  by  standing  water.    On  the  east  side  of  the  river, 
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at  the  lake  shore,  much  of  the  rock  is  rather  fine-grained  and  diabasic, 
resembling  much  of  fhat  seen  in  1886  on  the  Eawishiwi  river. 

Rock  1156  represents  this  fine-grained,  dark  rock  from  the  east  bank 
at  the  mouth  of  the  Thessalon  river.  There  is  here,  over  the  surface, 
a  weathered  green  of  a  lighter  color  (1156  A)  than  any  green  seen 
within  the  rock,  and  in  patches  an  abundance  of  epidote;  also  some 
pyrite  and  chalcopyrite. 

Patches  of  ''conglomerate  *'  also  appear  on  the  glaciated  surface, 
the  pebbles  being  apparently  of  the  same  kind  of  rock,  and  rounded. 
Xo  continuous  dip  can  be  seen,  but  there  is  occasionally  a  slaty  disin- 
tegration which  dips  about  45"^,  but  veers  round  so  as  not  to  be  long 
continued  and  fades  out.  It  has  a  prevailing  direction  (on  the  east 
side  of  the  river)  when  seen,  a  little  south  of  southwest.  Sometimes 
this  rock  varies  to  a  massive,  homogeneous,  firm,  dark-greenish-gray, 
diabase-looking  rock,  like  some  seen  in  the  railroad  cut  near  Thomp- 
son, Minn.,  represented  by  1157.  It  contains,  like  nearly  all  the  rock 
here,  very  little  if  any  free  quartz.  In  other  places  are  seen  angular 
and  also  vein -like  patches  of  rock  apparently  permeated  with  epidote 
represented  by  No.  1158,  obtained  from  the  east  side  of  the  river. 

About  half  a  mile  east  of  the  river,  and  perhaps  an  eighth  of  a  mile 
from  the  lake,  the  surface  of  this  eruptive  rock  is  banded  with  pitted 
and  non-pitted  belts  (1159).  These  belts  undulate  and  vanish. 
Within  the  rock  these  pits  are  found  to  be  filled  with  delessite.  They 
are  soft,  give  a  light  soapy  streak  though  dark  green  when  weathered. 
They  vary  from  the  size  of  pin-heads  to  the  size  of  beans.  In  other 
places  again  these  amygdaloidal  pits  are  distributed  generally  and  not 
in  bands. 

Instead  of  being  chloritic  these  spots  sometimes  are  filled  with 
a  harder  mineral,  rather  siliceous,  that  weathers  red  (1160),  like  some 
of  the  mineral  vein  matter  seen  in  1155,  and  recalling  the  reddish 
substance  in  the  felsitic  dike  seen  near  the  lighthouse  at  Marquette. 
These  amygdule-like  forms  are  not  due  to  the  dissemination  of  pebbles 
in  the  rock  from  sedimentary  action.  They  are  all  of  the  same  nature, 
and  sometimes,  especially  in  the  case  of  the  delessite-filled  cavities, 
they  exhibit,  when  broken  across,  a  radiated  and  fibrous  structure, 
and  a  layering  of  concentric  superposition  as  if  they  had  grown  up 
after  the  manner  of  geodic  filling  in  pre-existing  cavities.  Further 
examination  also  revealed  that  the  delessite-filled  cavities  become 
elongated  downward,  attaining  three  and  a  half  inches  in  length,  on 
the  perpendicular  face  of  the  broken  bluff.  They  rise  from  a  common 
stratum  which  looks  as  if  it  were  their  source.    Judging  by  the  gen- 
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eral  appearance  and  the  direction  of  these  tubes  where  they  can  be 
measured,  others  must  be  six  or  eight  inches  in  length,  though  visible 
only  at  their  openings  on  the  surface.  They  are  about  a  quarter  of 
an  inch  in  diameter,  varying  to  an  eighth  of  an  inch,  presenting  some* 
what  the  appearance  of  Scolithua.  Thus  their  forms  vary  from  round 
amygdules  to  tubes  six  or  eight  inches  in  length.  When  elongated 
they  must  have  served  as  ducts  for  escaping  gas  rising  from  some  sul- 
phureted  or  carbonated  stratum.  There  is,  however,  now  no  sign  of 
any  such  stratum.  That  from  which  they  issue,  or  above  which  they 
ascend,  is  like  all  the  rest  of  the  rock,  but  varies  in  the  weathering 
colors  according  to  the  fineness  of  the  grain.  A  good  photograph  was 
obtained  of  this  structure.    (See  fig.  1,  pi.  I). 

It  is  apparently  due  to  the  enlargement  and  multiplying  of  the  red- 
dish felsitic  amygdules,  locally,  and  the  specialization  of  the  mineral 
ingredients  into  macroscopical  crystals,  that  patches  of  red  rock  are 
produced  in  this  greenstone.  No.  1161  represents  such  red  rock. 
Such  patches  are  sometimes  four,  or  even  eight  feet  square,  scattered 
capriciously  about,  visible  on  the  glaciated  surface  of  the  dark  rock. 
This  red  rock  consists  apparently  of  quartz  and  orthoclase  in  distinct 
crystals,  embracing  in  their  interstices  a  greenish  to  black,  soft  sub* 
stance  that,  while  finely  foliated  and  resembling  chlorite,  yet  does  not 
seem  to  have  served  any  other  purpose  than  to  occupy  the  vacancies  be- 
tween the  other  minerals  as  they  assumed  their  crystalline  shapes. 
Such  nodules  and  veinings,  if  not  such  isolated  large  masses  of  red- 
dish granulyte  in  trap  rock,  are  not  very  uncommon.  They  occur  at 
Taylor's  Falls  and  at  Duluth,  and  iiave  been  described  by  the  writer 
at  several  places  in  northeastern  Minnesota.  Since  the  basic  eruptives, 
when  in  their  normal  state,  do  not  embrace  the  minerals  here  differ- 
entiated within  them,  it  may  be  presumed  that  these  exceptions  are 
caused  by  the  local  and  superficial  mingling  of  small  portions  of  the 
siliceous  super-crust  with  the  heated  basic  eruptive.  On  cooling  and 
weathering  the  super  charge  of  siliceous  matter  is  rejected  from  the 
mass  and  is  compelled  to  fill  any  convenient  veins  or  amygdaloidal 
cavities  that  are  within  reach.  When  none  such  are  found  these  crys- 
tals are  formed  within  the  greenstone  and  are  uniformly  disseminated 
in  it,  causing  the  well-known  quartz-dioryte  and  orthoclase-gabbro. 

These  rocks  are  denominated  ''  green  chloritic  slates  "  in  the  Cana- 
dian survey  reports,  and  are  also  so  designated  on  the  geological  map 
of  the  region  accompanying  the  general  atlas  in  1863.*    On  account 


*  Geological  sarrey  of  Canada ;  report  of  progrpM  from  Its  commencement  to  1808.    Atlaa  of  ma;;>-* 
and  Mctlons,  1865. 
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of  this  fact  a  carefal  inspection  was  made,  at  all  places  about  the 
month  of  the  Thessalon  river,  in  order  to  ascertain  if  any  part  of  the 
visible  rock  surface  would  appropriately  bear  that  name.  Besides  this 
place  the  Canadian  map  of  this  region  shows  the  same  rock  at  but  one 
other  locality;  that  is  about  thirty  miles  toward  the  northwest,  in  a 
small  area  at  the  extreme  north  end  of  Echo  lake.  The  only  point  at 
which  any  slaty  structure  that  would  warrant  the  use  of  the  term 
*'  slate  "  was  found,  is  on  the  point  on  the  west  side  of  the  river,  but 
near  the  mouth  of  the  riven  Here  are  some  thinly  parted  portions 
which  resemble  hardened  crumpled  black  slate.  That  is  to  say,  the 
rock  parts,  on  the  weathered  exterior  at  least,  into  fissile,  schisto-slaty 
beds  about  one  quarter  to  one  eighth  inch  in  thickness,  the  strike  and 
dip  of  which  are  pretty  regular  and  uniform  for  about  ten  or  twenty 
feet.  This  schistose  slatiness  appears  on  the  face  of  a  low  nearly  per- 
pendicular bluff  facing  toward  the  lake,  and  near  the  lake  level.  The 
dip  is  north,  30°  W.(mag.)  and  about  40"^  from  the  horizon.  In  the  seams 
are  minerals  that  result  from  change  in  diabase — chlorite  and  epidote 
^-these  giving  a  resemblance  to  banding  and  striping  similar  to  that 
seen  in  some  places  in  the  rock  already  described  on  the  east  side  of 
the  river.  In  other  places  adjacent  the  dip  is  in  other  directions. 
Distinctly  amygdaloidal  patches  are  seen  in  this'fine-grained  portion, 
not  far  removed  from  the  slaty  portion,  but  ndt  in  the  slaty.  In 
weathered  surfaces  the  slaty  portion,  under  the  hand-glass,  exhibits  no 
free  quartz,  but  a  gray  surface  of  plagioclase. 

Examining  more  broadly  in  the  vicinity  of  this  slaty  exposure,  in 
an  area  of  several  rods  round  about,  on  nearly  all  of  which  the  surface 
id  bare  rock,  it  is  seen  that  a  part  of  the  rock. on  the  west  side  of  the 
river  (where  it  is  fine-grained  and  also  where  it  exhibits  this  slaty 
disintegration)  is  set  off  from  the  other  part  by  an  invisible  dividing 
line,  the  surface  being  lichen-covered  and  hummocky.  The  rest  is 
speckled  with  fine  porphyritic  feldspar  crystals,  as  seen  and  described 
in  J 153  and  1154,  and  is  undoubtedly  the  equivalent  of  the  grc^afc 
greenstone  formation  of  the  region  seen  at  Bruce  and  on  the  east  side 
of  the  river  at  Thessalon,  and  in  the  ridges  that  cross  the  river  further 
inland.  The  line  on  the  weathered  surface  separating  these  two  parts 
is  partly  imaginary,  and  partly  vanishes  when  sought  for,  since  the 
characters  of  one  rock  are  found  in  patches  further  north  or  south  than 
they  belong  if  there  be  genetically  two  rocks  here,  each  rock  trans- 
gressing the  boundary  that  may  be  supposed  to  have  limited  it.  These 
patches  seem  not  to  be  easily  separable  from  the  surrounding  rock  by 

any  line  of  demarkation  in  the  lithology,  but  there  is,  at  least  in  near- 
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]j  all  cases,  a  gradual  change  in  the  grain  so  that  the  full  transition 
is  effected  in  the  space  of  from  one  to  three  inches.  Indeed  these 
different  rocks,  from  one  of  which  is  produced  the  slaty-fissured  rock 
mentioned,  appear  to  be  phases  only  of  the  s^me  rock.  It  is  hence  prob- 
able that  the  slatiness  mentioned  is  caused  by  an  original  flowage 
structure,  in  the  laminae  of  which  on  partial  decay,  were  accumulated 
in  greater  amount  those  minerals  that  easily  decay,  in  regular  alter- 
nation with  those  that  do  not,  and  that  possibly  the  internal  grain 
was  affected  by  thin  sheets  of  finely  amygdaloidal  rock  alternating 
with  non-amygdaloidaU  The  exposed  position  of  the  little  bluff  would 
account  for  the  conspicuous  development  of  the  slaty  structure  by  in- 
creased decay,  on  the  lakeward  side.  This  slaty  rock  is  represented 
by  1173. 

If  still  this  slaty  phase  should  prove,  after  further  study,  to  be  due 
to  the  existence  of  a  fragment  of  a  once  sedimentary  rockma^s  in  the 
midst  of  the  eruptive,  it  can  only  be  assigned  to  some  part  of  the  black 
slates  of  the  region.  It  is  not  green  within,  but  gray  to  nearly  black. 
It  is  fine-grained  and  difficult  to  specifically  name  without  microscopic 
and  chemical  examination. 

About  a  mile  northwest  from  the  village  of  ThesaaloUf  on  the  west  side 
of  the  main  road,  and  on  the  west  side  of  the  river,  is  a  light- weather- 
ing ridge  of  quartzyte.  It  runs  S.  30°  west  (mag.)  and  appears  on  the 
lake  shore  a  few  miles  west  of  the  mouth  of  Thessalon  river.  It  rises 
at  once  about  thirty  or  forty  feet  above  the  highway,  and  higher  still 
at  a  little  distance  further  west.  This  rock  is  represented  by  1162,  a 
gray  quartzyte  dipping  in  general  N.  45°  W.  (mag.);  but  it  varies  to 
nearly  white  on  weathered  exposures,  and  to  light  red  where  fires 
have  prevailed.  It  shows  an  incipient  gneissic  structure.  It  has 
been  broken  and  crushed  together  and  recemented.  Its  dip  varies  in 
direction  in  short  intervals,  and  is  even  cut  off  squarely  by  a  structure 
of  a  different  sort,  but  all  closely  cemented  together.  In  the  vicinity 
of  a  dike  forty  feet  wide,  that  runs  N.  60°  W.  (mag.)  cutting  this  rock, 
this  quartzyte  shows  suggestive  variations.  Its  color  and  texture, 
while  principally  quartzose,  yet  seem  to  manifest  a  felsitic  or  a  feld- 
spathic  tendency  developed  in  it.  Compare  rock  No.  1163.  This 
tendency  is  marked  in  that  part  of  the  quartzyte  which  is  embraced 
between  two  forks  where  the  dike  separates,  and  close  in  the  angle 
between  them,  where  also  a  longitudinal  close  jointage  is  developed  on 
weathering,  resembling  slatiness.  The  dike  (1164)  consists  of  rock 
like  the  eruptives  described  at  the  mouth  of  the  Thessalon  river. 
(See  figure  1.) 
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Rg  l.^Spur  of  gray  quartzyte  enclosed  between  the  forks  of  a  branch- 
ing dike,  changed  to  red  felsyte  and  gneiss. 

In  the  mass  of  the  quartzyte  can  be  seen  the  oKginal  banding  of 
sedimentation,  and  also  the  *' false  bedding  "  that  is  common  in  sand- 
stones running  at  different  angles.    There  are  also  patches  of  consider- 
V  able  size,  apparently  produced  by  boulder  masses  iuToIved  in  the  sedi-^ 
mentary  process  at  the  time  of  accumulation,  somewhat  discordantly 
disposed  in  the  bedding,  some  of  which  are  of  quartzyte  similar  to  it- 
self, and  others  are  of  a  greenish  rock,  somewhat  serpentinous  by 
decay,  but  plainly  of  an  eruptive  nature  and  origin  before  it  was  em- 
braced in  the  sediments  of  the  quartzyte.     Compare  1166.    A  photo- 
graph was  made  taking  in  a  general  view  of  this  quartzyte. 

TheThessalon  valley  is  covered  by  a  lacustrine  clay  which,  when  cleared  for  farm- 
ing, makes  a  fine  wide  expanse  for  crops.  The  clay  is  gray.  It  was  deposited 
vhen  the  lake  level  was  at  a  beach,  which  is  visible,  about  forty  feet  above  the  flat. 
Tlus  beach  consists  of  coarse  water- worn  stones,  on  the  rock  bluff,  seen  on  the  west 
of  the  road  about  a  mile  and  a  half  north  from  Thessalon  on  the  west  side  of  the 
nfer.  On  the  east  side  of  the  river  it  is  composed  of  gravel  at  some  points,  but  it 
itgeneraUy  coarser  than  gravel. 

Westward  from  this  quartzyte  ridge  runs  similarly  a  conspicuous 
ridge  of  dioryte  and  diabase,  illustrated  by  No.  1167,  undistinguish- 
ible  from  the  ernptiye  rock  seen  at  the  mouth  of  the  river.  This 
ridge  runs  toward  the  lake^  and  apparently  overlies  the  quartzyte  of 
1102.  It  shows  an  igneous  contact  running  east  and  west;  and  at  a 
point  at  the  roadside,  where  the  river  flows  easterly,  a  broad  un- 
eoTered  surface  of  the  quartzyte,  sloping  with  the  dip  northwestwardVy , 
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is  seen  to  pass  toward  the  Boath«aat  direotlj  under  the  trap  rock  of  the 
ridge,  the  overlie  of  the  trap  in  a  sheet  on  the  quartzyte  beiog  immediate 
and  unquestioned.  This  trap  bluff  was  photographed.  (See  fig.  10  p.  II.) 
Traveling  a  little  farther  west  we  find  the  highway  crosses  the 
Canada  Pacific  railroad,  and  a  rock-bluff  appears  facing  southeast, 
rising  about  fifty  feet,  on  which  is  another  overlie  contact  of  the  dia> 
base  on  the  quartzyte.  The  quartzyte  dips  northwest  at  an  angle  of 
about  40°  from  the  horizon.  On.  the  right  of  the  exp<»ure  the  quartz- 
yte is  cut  off  by  a  contact  running  nearly  vertical,  but  backward  so  as 
to  produce  a  slight  overlie  of  the  quartzyte  on  the  diabase,  as  the 
plane  of  the  bluff  crosses  the  contact  plane.  This  place  is  four  and  a 
half  miles  by  the  road  from  Thesaalon  village.  This  diabase  is  repre- 
sented  by  rock  1167.    See  fig.  3. 


Fig.  2. — Diabase  lying  unconformable  on  quartzyte. 
A.t  Macbetb's  bay,  about  five  miles  west  of  the  mouth  of  the  Thessa- 
ion  river,  the  Canadian  Pacific  railroad  and  the  highway  cross  the 
creek  but  little  above  the  head  of  the  bay.  Here  the  quartzyte  has  fine 
exposures.  On  both  sides  of  the  creek  it  is  cut  by  dikes  of  basic  erup- 
tive rock,  and  on  the  west  side  it  is  replaced  entirely,  over  a  large  area, 
by  an  overflow  of  this  rock.  This  is  the  same  rock  as  that  already 
mentioned,  and  is  again  represented  by^ll68.  It  is  a  coarse  diabase, 
and  prevails  largely  over  the  country  between  Macbetb's  bay  and 
Thessalon,  cutting  and  overlying  the  gray  quartzyte  1162.     It  appears 
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if  through  fissures  iu  the  quartzjte  the  dark  diabase  had  issued, 
spreading  right  and  left^  according  to  the  continuance  of  the  eruption. 
This  diabase  now  forms  hills  and  ridges,  the  chief  elevations  of  the 
region,  mostly  having  an  east  and  west  direction;  the  quartzyte  occu- 
pying, where  seen,  much  lower  levels. 

Sometimes  the  quartzyte  becomes  conglomeritic  with  quartz  pebbles 
(1189),  but  this  is  only  in  small  rare  spots;  and  sometimes  it  is  slightly 
pinkish. 

On  the  road  running  north  from  Thessalon  on  the  east  side  of  the 
river,  at  about  a  mile  from  Thessalon,  a  fine-grained  pinkish  quartzyte 
outcrop  appears,  rising  in  the  midst  of  the  surrounding  hillocks  of 
diabasic  eruptive  rock.  It  has  an  abrupt  contact  on  the  greenstone 
running  N.  40"  W.  (mag.).  The  quartzyte  is  closely  jointed  and  very 
hard  and  fine,  no  dip  generally  being  visible,  but  in  places  exhibiting 
a  sedimentary  banding,  which  expresses  a  dip  30"  toward  the  north- 
west. 

At  two  miles  from  the  mouth  of  the  river,  on  the  east  side,  the 
quarteyte  appears  again,  but  it  is  much  lighter  colored  and  very  fine, 
almost  suitable  for  honestones.  It  weathers  to  a  kind  of  light  pea- 
green  color.  Glaciation  is  abundant  and  fresh,  showing  the  same 
kind  of  curving  cross-fracture  as  seen  at  Thessalon,  and  on  the  quartz- 
yte in  Pipestone  county,  Minnesota. 

At  Little  Rapids,  three  and  a  half  miles  north  from  Thessalon,  the 
highlands  are  covered  by  a  range  of  diabase  (diory te  ?)  that  runs  about 
N.  80"  W.  and  rises  perhaps  100  feet  in  the  vicinity  on  either  side,  on 
the  east  side  having  a  quartz  yein  two  or  three  feet  wide,  and  some- 
what amygdaloidal  near  the  vein.  But  the  rapids  in  the  stream  (Gas 
creek)  are  caused  by  a  range  of  quartzyte  that  dips  about  45"  or  50° 
toward  the  north  (mag.).  Some  narrow  bands  in  this  are  pebbly  with 
black  jasper  (rarely  red)  and  of  white  quartz,  but  the  great  bulk  of  it 
consists  of  the  same  pinkish  to  gray  quartzyte. 

Gray  quartzyte  rises  in  the  swamp  about  a  mile  southeast  from  the 
little  rapids.  This  is  striped  with  rare  belts  of  conglomerate,  one 
piece  of  white  quartz  being  three  inches  in  diameter.  But  pebbles  of 
this  size  are  rare.  The  conglomeritic  belt  in  which  this  lies  continues 
about  ten  feet.  Its  direction  indicates  a  strike  S.  30"^  W.  (mag.). 
There  are  also  here  pebbles  of  flint  and  green  chert,  and  of  banded 
white  and  black  jasperoid  rock,  also  of  other  kinds  of  fine-grained 
rock  not  silica,  but  siliceous,  which  weather  to  a  drab  or  light  buff- 
eolor.  From  this  place  there  seems  to  be  a  grand  belt  of  quartzyte 
that  strikes  southwestwardly,  running  under  the  Thessalon  and  reach- 
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ing  the  lake  shore  at  Macbeth 's  bay,  where  it  appears  on  the  islands 
that  lie  off  the  coast.  The  dip  is  in  all  cases  where  it  has  been  seen, 
toward  the  N.  W. 

Traveling  from  Little  Rapids  (of  Qas  creek)  north,  crossing  the 
creek  (at  i — i  m.)f  thence  west  about  two  miles,  having  a  range  of 
bills  on  our  right  and  the  river  on  our  left,  we  take  the  first  good  op- 
portunity to  examine  the  rocks  in  this  ridge.  They  are  a  mingling  of 
diabase  and  quartzyte,  the  latter  being  sometimes  red  and  conglomerit- 
ic.  The  ridge  rises  about  150  feet  above  the  road  where  the  rock 
was  first  encountered  not  much  above  the  road,  it  is  dark-colored 
and  diabasic,  but  has  spots  and  veins  of  red,  and  even  weathers  red  ta 
the  depth  of  six  or  eight  inches.  In  ascending  the  ridge,  however, 
this  immediately  gives  place,  upward,  to  a  broken  and  confused  red 
conglomerate  or  breccia-like  grit,  which  continues  to  the  top  of  the 
hill,  the  exposure  being  such  that  the  observer  is  compelled,  in  ascend- 
ing, to  travel  on  the  south-dipping  upper  surface  of  the  stratum. 

A  short  distance  further  west  the  southern  slope  of  this  ridge  shows 
outcrops  of  southwardly  dipping  quartzyte.  The  dip  is  about  20^ 
toward  the  southwest.  The  direction  of  the  ridge  crosses  the  dip  at 
an  angle,  so  that  on  the  southern  slope  the  strike  of  the  different  beds 
climbs  diagonally  up  the  hill  toward  the  northwest,  the  higher  layers 
being  further  toward  the  west.  At  several  points  the  eruptive  rock 
appears  on  the  southern  slope,  sometimes  near  the  base  and  sometimes 
well  up  on  the  hillside,  but  owing  to  the  dense  covering  of  vegetation 
there  was  no  opportunity  to  discover,  with  our  limited  time,  the  relation 
it  bears  to  the  quartzyte,  though  there  is  no  reason  to  suppose  it  is  dif- 
ferent from  that  already  stated.  It  seems  to  have  overflowed  the  up- 
heaved quartzyte  and  to  have  been  preserved  only  in  the  lower  levels, 
particularly  so  when  the  accumulation  was  not  in  mountain-like  hills^ 
or  ridges. 

There  is  a  conspicuous  outcrop  of  this  quartzyte  and  conglomerate 
near  the  base  of  the  ridge  on  the  same  side  showing  the  same  dip  con- 
clusively and  generally.  We  examined  it  first  in  front  of  Mr.  John 
Wray's  house  and  followed  it  westward  to  opposite  Mr.  Wm.  Ensley 's 
house  where  this  conspicuous  outcrop  occurs.  It  is  here  wholly  a 
siliceous  quartzyte,  but  has  a  few  quartz  pebbles  running  in  narrow 
and  interrupted  belts  through  it,  coincident  with  the  bedding.  It  is 
red  but  varies  to  purple,  and  is  vitrified  and  polished  in  the  same  man- 
ner as  seen  on  the  surface  of  the  red  quartzyte  in  Pipestone  county, 
Minnesota.  Indeed,  were  we  not  conscious  of  being  in  the  area  of  the 
original  Huronian  we  might  suppose  ourselves,  so  great  is  the  similar- 
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itj  of  all  the  geological  featares,  to  be  dtanding  on  some  of  the  red 
qaartzjte  outcrops  in  southwestern  Minnesota/  This  red  quartzyte 
in  hand  samples,  represented  by  1171,  cannot  be  distinguished  from 
much  of  that  of  Pipestone  and  Watonwan  and  Cottonwood  counties, 
Minnesota,  nor  from  that  of  the  ridges  at  Baraboo,  Wisconsin.  This 
great  quartzyte,  so  far  as  can  be  determined  by  anything  seen  in  the 
area  of  the  original  Huronian,  or  even  in  Wisconsin  and  Minnesota, 
whether  dipping  N.W.,  N.  or  S.  W.,  whether  white,  pink  or  red,  or 
purple,  or  pea-green  white,  whether  arenaceous  or  pebbly,  is  plainly  a 
unit.  It  must  have  a  great  thickness,  for  it  extends  westward  from 
Wray's  house  with  the  same  dip  at  least  a  mile.  It  is  true  that  this 
distance  is  not  measured  here  directly  across  the  bedding,  nor  on  the 
hypotenuse  of  a  triangle  perpendicular  to  the  direction  of  the  strike; 
but  the  thickness  observed  here  can  be  fairly  estimated  to  fall  not 
much  short  of  5,000  feet,  and  it  may  be  twice  that  amount. 

At  Ansonia  P.  0.  is  a  place  in  the  river  known  widely  as  *'  the 
dump."  This  is  in  the  township  of  Le  Froy.  A  glaciated  surface 
outcrop  of  rock  may  here  be  seen  at  the  river  level,  (See  fig.  3)  on  the 
right  bank,  immediately  overlain  by  a  bank  of  till.  The  river  flows 
over  it  except  in  time  of  low  water.  This  rock  seems  to  belong  to  a 
different  formation,  both  on  account  of  its  different  lithological  char- 
acters and  the  different  direction  and  amount  of  its  dip.  The  bedding 
stands  about  vertical  and  it  strikes  about  30""  north  of  west.  The  lay- 
ers are  thin,  varying  from  slaty  to  two  or  three  inches.  Much  of  this 
rock,  while  siliceous,  weathers  to  a  light  drab  or  even  to  a  buff.  It  is 
finely  crystalline,  at  the  same  time  that  it  is  fragmental  and  banded 
by  sedimentary  colors  and  belts  of  differing  structure.  It  might  be 
used  for  lithographic  purposes  if  slabs  of  sufficient  size  could  be  pro- 
cured. It  affords  a  slow,  fine  effervescence  when  hydrochloric  acid  is 
applied  on  a  fresh  surface.  There  are  here  several  varieties  of  rock 
related  as  shown  in  fig.  3. 


*Thi0  simlUrity  extends  eren  to  the  existence  of  ernptive  basic  rock  In  some  places  among  the  red 
quart zjte.  Accordiog  to  Prof.  J.  E.  Todd  a  dioryte  oatcrop  occars  in  sec.  16,  tp  109—48,  aboat  five 
ailea  S.  SW.  from  Palisades,  In  southwestern  Dakota.  He  jadged  from  the  dip  at  several  neighboring 
localities  that  this  dioryte  overlies  the  qnartzyte.  **The  dip  of  the  qaartzyte  at  Palisades  is  4°— 6<^ 
SW.  A  boat  one  and  a  half  miles  S.B.  from  the  dioryte,  another  ezposare  of  the  red  qaartzyte  dips  2^— 
8°  N.  of  £.  At  Sioax  Falls  the  dip  is  aboat  3^  S.  SW.  It  may  be  there  is  a  fault  between  palisades 
and  the  locality  but  I  had  conceived  the  dioryte  to  have  tlowed  out  through  and  upon  the  red  quartz- 
yte.**    iUtter  dattd  Od.  22,  18B5.] 
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i.  —  :Sf/iicefj-}o<:oeat  "lliedutnj)."    AntOHiaP.  0. 
Ezz'in^tion  of  Fignre  3, 

1.     Fine,  diah.vlc  grtess'OTie.  wi-Jth  of  surface  exposure,  seen 10(1. 

3.     Fine-|Tiiiied  ilri^  «:oDe,  with  undulaliair  fedimeotary  banding  (I172I:  digU^ 

cnlc&rerius  gny  ijU»r;iy:e '.r  lithograpMc  stone  :  surface  b*nd,  about 1ft- 

3.    A  greenUb,  S=e-jr.:r.ei.  »7parsLi>  tiuniive  rock,  bariag  a  retr  intsaltf 
wiJih,  and  on  tbe  sur.V.c  s^ar<6 :  :y  Lnter.-up'.ed  t-aod*  aud  haea  ibai  m^  U  k 
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ttie  Temnant  of  an  original  fluidal  structure.    Tliese  fluidal  lines  are  not  conform- 
able with  those  in  No.  2.    This  member  varies  from 3  to  3  ft. 

4.    Rock  similar  to  No.  2,  affording  a  very  smooth  hard  surface,  some  of  it  very 
floely  Btratifledy  and  some  of  it  confused  in  its  strike,  particularly  in  its  eastern 

portion;  width  of  belt  about.. ..20  ft. 

5.   This  member  (1215)  is  the  most  interesting.    Its  exterior  surface  is  quite 

different  from  No.  4,  and  on  first  glance  it  would  be  taken  for  a  rotted  eruptive, 

bat  closer  inspection  shows  that  it  is  a  folded,  compressed  and  crushed  condition  of 

some  of  the  sedimentary  strata  belonging  in  the  same  category  with  the  others.    It 

\s  rough  and  jagged,  rather  fine-grained,  with  a  felsitic  aspect,  but  darker  when 

wet,  much  slickensided,  has  quartz  veinings  and  is  rusty  with  ozydized  pyrlte. 

Sometimes,  on  weathered  angles,  it  appears  like  a  fine  felsyte,  having  a  reddish 

tint  and  a  pseudo-fluidal  outward  aspect ;  and  in  other  parts  it  is  apparently  a  fine, 

reddish  impure  quartzyte.    In  general,  it  is  a  hardened  part  of  the  slate  formation 

thtt  underlies  the  g^eat  Huronian  quartzyte.    Surface  exposure,  width,  seen,  15  ft. 

Rock  No.  1172  (above),  seen  in  No.  4  seems  to  be  allied  to  the  chert- 
beds,  or  to  some  seen  near  the  base  of  the  Animike  in  northern  Minne- 
sota, but  it  is  rather  too  light-colored  and  too  coarse-grained  to  be 
called  chert — though  it  seems  to  contain  the  same  elements  in  about 
the  correct  proportions.  It  is  a  fine-grained,  bedded,  siliceous,  light* 
gray  rock,  and  seems  to  have  something  in  it  which  causes  it  to  become 
coated  with  a  rust  film.  It  resembles  some  pebbles  seen  in  the  great 
quartzyte  of  this  region,  especially  some  seen  in  the  quartzyte  about  a 
Diile  southeast  from  the  **  little  rapids"  of  Gas  creek,  already  men- 
tioned. Such  source  for  these  pebbles  would  indicate  an  unconform- 
ity between  the  quartzyte  and  this  thin -bedded  formation.  If  a 
horizon  of  rock  similar  to  the  Gunflint  beds  of  northern  Minnesota 
exists  in  this  slate  and  quartzyte  formation,  nearly  all  the  colored 
flint  pebbles  seen  in  the  overlying  great  quartzyte  can  be  referred  to 
It;  and  the  presence  of  such  pebbles  in  the  quartzyte,  other  relations 
being  favorable,  strongly  indicates  the  existence  of  such  chert  and 
flint  beds. 

At  a  mile  west  of  "  the  dump,"  on  the  right  of  the  road,  is  a  low 
hill  consisting  of  diabase  rock.  Several  hillocks  in  the  immediate 
vicinity  apparently  contain  the  same  rock.  A  vein  of  red  orthoclastie 
granulyte  runs  through  this  rock,  represented  by  1193.  The  country 
about  on  the  south  side  of  the  Thessalon  is  hilly,  apparently  with 
ndffes  and  knobs  of  the  same  rock. 

About  sec.  8,  Le  Froy,  south  of  the  Thessalon  river,  near  the  high- 
way, between  it  and  the  river,  is  a  sloping  glaciated  surface  of  the 
same  formation  as  seen  at  the  water-level  at  '*  the  dump.*'     It  dip» 

northerly  at  an  angle  of  about  40  degrees,  but  it  is  so  twisted  and  bro- 
4 
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ken  that  no  certain  statement  can  be  made  of  its  direction.  The 
average  strike  is  perhaps  E.  30°  N.  (mag.).  This  rock,  while  belong- 
ing to  the  formation  seen  at  ''the  dump,"  is  yet  less  calcareous  than 
that,  and  has  a  darker  drab  color,  sometimes  being  bluish  or  greenish 
gray.  It  is  intersected  by  many  quartz  veins,  some  of  the  quartz 
being  drusy  and  amethystine,  many  of  them  coincident  with  the  bed- 
ding. Mingled  with  the  quartz  are  black  scales  of  a  crystalline  metal- 
lic oxide,  which  has  not  yet  been  determined,  thought  to  be  hematite. 
On  weathered  surfaces  the  rock  although  fine,  dense  and  hard,  is  coated 
with  a  rust-scale  which  is  sometimes  a  quarter  of  an  inch  thick,  resem- 
bling some  rock  seen  near  Gunflint  lake.  It  is  not  seen  to  be  slaty 
here  at  any  place,  although  thin-bedded.  Its  outward  characters  re- 
semble the  silver-bearing  formation  seen  along  the  international 
boundary  north  of  lake  Superior.  This  rock  is  represented  by  1194, 
and  1194A. 

Further  northwest,  about  in  the  S.  E.  i  of  sec.  31,  Rose,  on  the  north 
side  of  the  Thessalon,  near  the  road  going  to  Otter  Tail  lake,  the  white 
quartzyte  already  mentioned  again  appears.  The  roadway  passes  over 
it  The  exposure  is  along  the  crest  of  a  hill.  The  dip  is  S.  53°  W. 
{mag  )  23°  from  the  horizon.  The  rock  rises  but  little  above  the  gen- 
eral level,  but  the  average  level  is  over  100  feet  above  the  Thessalon. 
The  rock  here  is  blotched  with  purple,  and  also  has  a  green  tint  very 
common.  The  purple  spots  are  due  to  dissemination  of  color  from 
hematite  nodules  which  are  embraced  in  the  mass  of  the  rock. 

Several  ridges  of  quartzyte  were  seen  between  this  place  and  Otter 
Tail  lake,  but  by  a  winding  route  toward  the  east. 

At  Otter  Tail  lake,  a  mountain  like  ridge  of  quartzyte  runs  along  the 
northeasterly  side,  dipping  toward  the  lake,  while  at  the  southeast  end 
a  second  one  rises  abruptly,  and  below  it  the  former  dips  conformably 
at  an  angle  of  about  23°.  The  stratification  is  well  shown  on  the  ab- 
rupt end  of  this  and  was  photographed,  the  view  looking  west. 

At  the  village  of  Otter  Tail,  which  is  on  the  Thessalon  river  near 
its  point  of  departure  from  Otter  Tail  lake,  a  little  south  from  the 
post  office^  is  a  ridge  of  reddish  weathering  rock  (1195)  nearly  on  the 
line  between  Plummer  and  Plummer  addition,  which  can  appropriately 
bear  the  namefelsyte.  (Compare  also  rock  1182;.  It  is  roughly  bedded, 
though  plainly  with  every  indication  of  sedimentation.  It  dips 
southerly  to  southwesterly,  about  30  deg.  and  is  banded  with  finer 
and  coarser  materials.  The  bedding  varies  in  thickness  from  less  than 
an  inch  to  over  twelve  inches.  But  in  general  the  rock  of  this  ridge, 
which  rises    perhaps  2  '0  leet  above  the  village,  and  runs    north- 
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westerly,  is  very  uniformly  constituted.  Its  weathered  surface  shows 
difiTerent  shades  of  red  The  bedding  structure  is  not  everywhere 
present.  There  are  some  large  places  where  no  bedded  structure  can 
be  seen.  Again,  in  one  boss,  or  knob,  of  the  general  range,  the  strike 
is  east,  about  30**  south ;  in  another  it  is  east,  30°  north,  with  inter- 
mediate directions  at  intermediate  points,  or  at  points  removed  from 
both;  another  place  shows  dip  S.  58°  W.  at  an  angle  of  20^  The  ex- 
terior surface  is  roughened  by  the  removal  of  numerous  small  bits 
loosened  by  the  diverse  and  frequent  jointage.  Some  of  the  close 
jointed  and  most  crumpled  is  coated,  in  the  seams,  with  a  green  (chlo- 
rite ?)  substance,  owing  to  more  easy  decay,  and  this  also  stains  the 
rock  itself  to  some  extent,  giving  the  appearance  of  some  rock  that 
has  been  called  *'trap."  This  rock  which  is  here  considered  felsyte, 
has  a  compact  uniform  reddish-brown  base  or  matrix,  in  which  are 
scattered  fine  grains  of  free  quartz.  In  other  places  nearly  one-half 
of  the  whole  seems,  under  the  hand  magnifier,  to  consist  of  quartz 
grains.  Surfaces  which  show  a  brick-red  weather-color,  within  are 
brownish-red. 

l^assing  from  this  bluff  across  a  small  field  in  a  southwesterly  direc- 
tion, and  thus  across  the  strike,  we  come  to  a  nearly  perpendicular 
bluff  facing  east,  rising  about  twenty-five  feet  made  up  of  rock  similar 
to  the  last,  evidently  a  part  of  the  same.  It  here  shows,  in  some  of 
its  parts,  granular  free  quartz  in  abundance.  It  varies  to  a  fine  red- 
dish quartzyte,  and  to  a  fine  gray  quartzyte.  These  varieties  are 
shown  by  1196,  1197  and  1198.  No.  1196  is  identical  with  the  rock 
1195.  No.  1197  has  a  light  pink-red  weathered  color  but  is  brownish 
within.  It  is  a  fine  granular  felsitic  quartzyte,  and  is  separated  into 
small  angular  blocks  by  frequent  and  intersecting  joints.  No  1198, 
which  has  a  light  yellowish-red,  weathered  surface  is  gray  within,  very 
hard,  conchoidally  fracturing,  and  is  asub-granulo-vitreousquartzyte, 
intermediate  between  1172  and  119:1.  Although  the  dip  is  probably 
toward  the  southwest  there  is  here  a  jointage  system  that  resembles 
bedding  that  dips  about  30°/rora  the  horizon,  N.  20°  E.  (mag.).  Gen- 
erally, however,  at  this  point  there  is  no  remaining  trace  of  the  origi- 
nal sedimentary  banding.  The  exposed  area  is  about  sixty  feet  square, 
and  it  seems  to  have  a  greater  extension  northwest  where  another  hill 
rises  seventy-five  feet  higher,  though  the  surface  intervening  does  not 
reveal  the  connection  with  the  quartzyte. 

This  higher  hill  proves  on  examination  to  consist  of  a  congeries  of 
pebbles  and  boulders  compacted  with  and  modified  by  a  rock  similar 
to  the  red  felsyte  first  described  here  (1195).    It  seems  to  have  been  a 
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conglomerate  with  a  matrix  of  the  &aiike  miaterial  as  the  red  rock. 
Indeed  the  hill  is  about  in  the  line  of  strike  from  1195,  but  not  con- 
tinuous with  it — though  the  surface  generally  ascends  from  it,  there 
being,  however,  a  low  spot  between  covered  by  drift.  This  conglom- 
erate contains  pebbles  of  red  granulyte  (quartz  and  orthoclase),  but 
the  great  bulk  consists  of  the  rock  1199.  It  is  a  little  darker  colored, 
but  otherwise  this  rock  is  identical  with  No.  1195,  and  probably  in 
order  of  stratification,  belongs  below  119i5. 

[A  few  miles  east  from  this  place  a  large  boulder  of  coarse  conglom- 
erate was  seen  by  the  roadside.  It  was  red  externally,  and  dark  red 
within.  It  was  evidently  wholly  fragnkental,  and  had  sedimentary 
bands  of  fine  materials  crossing  it.  But  it  also  en»bvaced  red  granu- 
lyte  boulders,  six  inches  across,  as  well  as  some  of  as  great  a  size,  of 
greenstones.  It  is  to  be  supposed  it  was  from  the  unmodified  beds  of 
which  this  outcrop  is  the  upheaved,  pressed,  heated,  and  metamor- 
phic  condition.] 

This  observation  near  Otter  Tail  postoffice  is  a  very  important  one. 
It  shows  the  transition  from  felsyte  to  quartzyte,  from  1195  to  1196, 
97  and  98,  all  in  the  same  formation.  It  seems  to  be  conclusive  as  to 
the  origin  of  felsyte,  such  as  has  been  described  in  the  Minnesota 
reports.  It  is  similar  to  that  seen  in  ^Hhe  palisades"  last  year,  [15th 
report  p.  342]  except  that  it  is  more  quartzose  in  some  of  its  parts,  and 
is  generally  less  crystalline,  and  much  finer-grained. 

As  to  the  relation  of  this  red- weathering,  felsitic  rock  to  the  great 
siliceous  quartzyte  desQ^ibed  at  various  points  in  the  Thessalon  valley 
below  Otter  Tail  lake,  there  is  little  hesitation  in  placing  it  below  it. 
The  same  kind  of  rock  was  seen,  later,  anvong  the  black  slate3  of  the 
region  where  it  could  only  occupy  a  stratigraphic  position  in  the 
slates,  or  of  a  modified  portion  of  them.     As  mentioned  below,  the 
strike  of  this  quartzitic  felsyte,  generally  gray  and  less  changed,  ex- 
tends several  miles  to  the  southeast  from  the  ridge  here  described, 
constituting  what  is  locally   known  as  "lithographic  stone,"  thus 
showing  a  long  belt,  with  a  nearly  uniform  dip  toward  the  southwest. 
How  far  the  ridge  may  continue  toward  the  northwest  is  unknown  .^ 
It  is  only  by  a  line  of  fault,  such  as  has  been  mentioned  and  mapped 
by  Logan,  running  approximately  coincident  with  the  Thessalon  val- 
ley and  passing  near  this  place,  that  this  rock  can  be  brought  to  this 
position,  since  the  white  quartzyte  that  skirts  the  east  side  of  Otter 
Tail  lake,  dipping  persistently  toward  the  southwest  would  otherwise 
naturally  run  under  this  felsyte. 
.    Toward  the  southeast,  across  a  valley,  from  the  hill  containing  the 
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aboYe  rocks,  (S.  TO"*  E.  from  them)  about  half  a  mile  distant,  and  also 
in  the  line  of  extension  of  the  valley  of  Otter  Tail  lake,  is  another 
knob,  but  much  lower,  of  rock  like  1195.  The  dip  here  seems  to  be 
about  vertical;  but  the  banded  structure  is  not  well  preserved, 
being  changed  rather  to  an  incipient  gneissic  and  interrupted  foliation. 

Toward  the  southeast  still  further,  on  higher  land,  areas  of  red  rodk 
can  be  seen  showing  weathered  surface  exposures  evidently  in  the 
line  of  strike  from  1195. 

In  close  proximity  to  the  last  mentioned  felsyte  knob,  but  a  little 
toward  the  northeast  from  the  line  of  strike,  is  a  hill  of  gabbro,  rep* 
resented  by  1200.  This  comes  within  about  ten  rods  of  observed 
contact  with  the  felsyte,  the  intervening  space  being  covered  by  earth 
and  soil.  Toward  the  north  this  bluff  breaks  o£F  nearly  perpendicularly 
about  seventy-five  feet,  down  to  the  flood-plain  of  Thessalon  river. 
Only  the  upper  part  is  bare,  but  it  extends  unquestionably  about  forty 
rods  southeast  and  northwest,  and  perhaps  thirty  rods  northeast  and 
southwest.  It  is  a  curious  variation  in  the  geology  of  the  region,  but 
is  a  further  instance  of  parallelism  between  the  original  Huronian 
and  the  Animike  rocks  of  northeastern  Minnesota.  This  gabbro  is 
on  the  land  of  Mr.  Day. 

About  a  third  of  a  mile  still  further  southeast,  on  land  of  Mr.  Day, 
in  the  bottomland  of  the  Thessalon,  is  an  outcrop  of  what  Mr.  Day 
regards  as  **  lithographic  stone."  This  rises  about  twelve  feet  above 
the  surrounding  land,  and  is  on  the  east  side  of  the  river.  It  runs 
from  eight  to  ten  rods  in  the  direction  of  strike,  and  subsides  below 
the  soil.  It  dips  S.  60°  W.  (mag.)  and  27°  from  the  horizon.  It  is 
1201.  It  is  highly  siliceous  and  does  not  effervesce.  Some  of  it  is 
reddish  and  purplish,  but  by  far  the  greater  part  is  of  a  light  drab 
color.  It  is  very  fine-grained  and  very  hard.  Some  of  it  is  well  supplied 
with  free  quartz  in  minute  grains  visible  under  a  magnifier,  and  some 
of  the  coarser  parts  are  crossed  by  strings  and  bands  of  chert  (1202). 
This  rock  is  like  some  seen  in  the  Animike,  particularly  some  of  the 
Ounflint  beds.  It  is  also  the  same  as  seen  at  '*  the  dump/'  and  is 
nearly  in  the  line  of  strike  from  1198  and  1195.  It  may  be  considered 
the  same  rock. 

Rock  1203  (like  1200),  an  eruptive  gabbro,  forms  a  low  ridge  in  the 
midst  of  higher  hills  of  red  quaftzyte,  in  the  N.  E.  i  of  sec.  23,  Plum- 
mer,  a  mile  and  a  half  from  Otter  Tail  lake  northeastward;  appears 
in  the  N.— S.  road. 

At  one  mile  south  of  Murray's  Corners,  S.  £.  cor.  of  sec.  2,  Plum- 
mer,  is  another  exposure  of  red  felsyte,  an  area  of  it  running  northwest 
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from  near  the  north  and  south  road,  and  risinji^  high  in  the  hill,  rep- 
resented by  1204.  This  is  about  five  miles  nearly  north  from  the  fel- 
syte  ridge  described  near  Otter  Tail  P.  0.,  and  may  be  supposed  to  be 
the  same  stratum  brought  to  the  surface  again  on  the  north  side  of  the 
great  fault.  Some  of  this  takes  a  closely  sub-crystalline  form  (1205); 
indeed  much  of  it  has  this  character.  There  is  no  constant  dip,  but 
in  some  places  an  indistinct  banding  is  seen  which  shows  an  inclina- 
tion about  50"^  from  the  horizon,  N.  10°  E.  (mag.);  but  this  must  be 
only  a  local  irregularity.  Indeed  the  rock  here  is  so  much  changed  that 
all  its  original  bedding  is  lost.  Rocks  1207  and  1208  are  also  obtained 
from  this  ridge  of  felsyte,  but  they  are  sub-crystalline,  and  only  red 
superficially,  the  rock  1208  being  gray  and  apparently  a  fine-grained 
quartz  dioryte.  This  recalls  some  such  changes  seen  in  the  bluffs  of 
the  Animike  in  Minnesota,  particularly  that  examined  on  the  south 
shore  of  Loon  lake. 

This  felsyte  ridge  has  an  interesting  and  instructive  relation  to 
another  ridge  of  a  different  kind  which  runs  northwestward,  parallel 
to  it,  situated  across  a  little  valley  about  twelve  rods  to  the  sonth- 
west.  This  ridge,  which  is  a  characteristic  bluff  of  characteristic 
Animike  slates,  dips  46°  S.  30°  W.  (mag.),  and  rises  above  the  little 
intervening  valley  from  fifty  to  seventy-five  feet.     It  runs  nearly  in 
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the  direction  of  strike  of  the  rock  of  which  it  is  composed.  Its  high- 
est portion  is  toward  the  northwestward.  There  is  nothing  in  this 
ridge  but  very  fine-grained  gray  rock  which  is  nearly  black  on  frac- 
tured surfaces.  It  frequently  has  a  rusted  weather-scale  about  a 
quarter  of  an  inch  thick.  It  is  minutely  granular,  almost  aphanitic. 
It  is  thin-bedded  but  hardly  slaty,  evidently  of  sedimentary  origin. 
On  the  weathered  surface  it  is  harsh,  as  if  a  fine  net- work  or  frame  of 
amorphous  silica  consituted  the  base  of  the  whole.  It  breaks  with  a 
flinty  sub-conchoidal  surface  of  fracture.  It  is  closely  related  to,  if 
not  identical  with,  the  rock  seen  at  the  roadside  (1194)  and  belongs  to 
the  same  formation  as  the  rock  at  *'the  dump*'  and  the  "lithographic 
stone"  of  Mr.  Day,  but  probably  its  stratigraphic  place  is  above  the 
•'lithographic  stone."  It  here  rises  into  extensive  ranges  of  hills,  and 
forms  the  rock  of  the  country. 

Murray's  hill  is  at  Murray's  Corners,  but  a  short  distance  east,  and 
on  the  north  of  the  road — S.  W.  i  sec.  36,  CoflBn.  This  hill  rises 
about  two  hundred  feet  above  the  highway.  It  is  rough  and  basalti- 
fied  outwardly.  The  sedimentation  dips  78°  toward  the  S.  20°  W. 
(mag.),  thus  throwing  the  beds  far  below  those  seen  in  1206.  If  there 
be  no  irregularity  the  felsyte  No.  1204  lies  between  them.     Here  the 
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^' black  slate"  is  a  graDite-conglomerate,  i.  e.  it  contains  numerous 
boulders  of  red  granite.  The  boulders  are  almost  wholly  of  red  gran- 
ite, and  the  rock  is  but  scantily  slaty  in  the  direction  of  the  sedimen- 
tation.  Close  jointage  sometimes  produces  an  appearance  of  slatiness. 
Neither  has  it  any  slaty  cleavage.  On  the  top  of  the  hill  some  thin 
veins  of  white  quartz  stand  above  the  surface.  The  general  weathered 
aspect  is  slightly  greenish,  but  the  color  within  is  dark -green  to  gray. 
This  is  mapped  by  Logan  as  the  ''upper  slate  conglomerate."  The 
rock  is  shown  by  1209.  This  rock  appears  like  the  Ogishke  conglom- 
erate of  Minnesota.  Its  boulders,  however,  do  not,  here,  embrace 
any  of  greenstone.  At  the  foot  of  Murray's  hill,  on  the  west  side,  is 
a  dike,  represented  by  1210. 

At  half  a  mile  south  from  Murray's  Corners,  on  land  of  Hugh 
Matheson,  is  a  show  of  hematite  in  a  reddish  sort  of  quartzyte — 1211. 
It  runs  in  strings  and  thin  veinings,  mingled  with  quartz  and  some 
calcite.  The  quartzyte  is  fine-grained,  and  seems  to  form  a  large  bed, 
perhaps  fifty  feet  thick.  It  cannot  all  be  seen.  It  is  brecciated,  and 
these  minerals  are  in  the  cemented  fractures.  There  was  here  an  accum- 
ulation of  iron  in  crystals,  as  well  as  of  quartz.  This  rock  is  like 
some  of  the  brecciated  Animike  of  Minnesota.  It  is  a  very  fine- 
grained quartzyte,  slightly  reddish. 

At  Riddlebank  P.  0.,  whicEi  is  a  mile  and  a  quarter  southwest  from 
Otter  Tail  P.  0.  on  the  road  to  "the  Bruce,"  is  an  exposure,  or  suc- 
cession of  low  exposures,  of  slate  conglomerate  similar  to  that  of 
Murray's  hill  (1212).  This  is  rather  fine-grained,  greatly  brecciated 
and  cemented  again  with  hematite  (in  black  scales  unless  crushed), 
and  shows  frequent  changes  of  dip,  and  frequent  short  faults.  The 
pebbles  are  principally  of  red  and  gray  granite,  gneiss  and  allied  rocks, 
but  there  are  a  few  of  red  jasper.  There  are  in  it  gray  quartzyte  beds 
ten  to  twenty  inches  thick,  which  weather  much  lighter  colored  from 
having  feldspathic  grains.  This  quartzyte  is  1213.  1211  represents 
pebbles  from  this  slate.  Some  are  of  gneissic  crystalline  rock;  some 
look  as  if  they  were  from  older  gray  wackes  but  contain  feldspar  por- 
phyritically  disseminated,  and  are  schistose;  some  are  of  jasper,  but 
the  most  are  of  reddish  coarse  granite. 

In  traveling  from  Riddlebank  to  Thessalon  the  road  goes  near  Bruce 
mines  (1  m.  N.  E.  from  *'  the  Bruce  ").  At  the  point  where  the  road 
comes  nearest  and  turns  easterly,  a  slate  conglomerate  like  the  last  is 
found  in  some  low  exposures.  It  is  probably  what  Logan  styled  and 
mapped  "lower  slate  conglomerate,"  but  it  seems  undistinguishablo 
from  the  upper.    It  contains  here  large  red-jasper  pebbles. 
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Eastwardly  from  this  place,  along  the  road  leading  to  Thessalon  are 
seen  low  flat  areas  of  the  same  conglomerate,  dipping  at  a  high  angle 
toward  the  lake;  and  at  one  place  a  rock  like  that  at  Brace  Mines  ap- 
pears  by  the  side  of  the  road,  distant  about  three  and  a  half  miles 
from  "the  Bruce."  But  it  is  evident  that  the  eruptive  rock  which 
seems  to  be  the  prevailing  one  at  the  mines,  containing  the  vein  mined 
for  copper,  is  not  very  extensive  in  geographic  area  toward  the  north- 
east, for  this  road  runs  within  a  mile,  or  less,  of  the  lake  shore,  and 
passes  through  a  fine  tract  of  farming  land. 

At  Blind  Rivera  which  is  a  stopping  place  for  steamboats,  the  river 
which  gives  name  to  the  village  has  a  double  debouchure  into  lake 
Huron,  the  principal  one  being  the  more  easterly  and  affording  water- 
power  for  a  saw-mill.  There  is  abundant  exposure  here  of  the  erup- 
tive basic  diabase  or  **dioryte"  seen  further  west,  though  somewhat 
coarser  grained  than  at  Thessalon  (1174).  Here  it  has  occasional 
specks  of  red  feldspar  disseminated.  It  is  dark-colored,  rough,  though 
glaciated,  spreading  generally  in  low  knobs  that  rise  from  ten  to 
twenty  feet  above  the  lake.  On  the  east  side  of  the  mill  are  quartz- 
ytes  dipping  S.  10°  E.  (mag.)  about  48°  from  the  horizon.  One  bed 
of  quartzyte,  part  of  which  is  certainly  in  the  form  of  a  chemical 
vein,  is  about  ten  feet  wide.  It  is  followed  on  the  south  by  dioryte, 
about  forty  feet,  when  quartzyte  returns,  varying  from  dark  to  pale 
red,  but  mainly  gray,  and  continues  to  the  lake  shore — about  fifty- 
five  feet.  On  the  north  of  the  first  mentioned  bed  of  quartzyte  the 
dioryte  extends  indefinitely.  This  quartzyte  seems  indistinguishable 
from  some  of  that  seen  at  Thessalon ;  but  in  general  it  is  finer-grained 
and  more  vitrified,  approaching,  in  a  degree,  the  texture  and  color  of 
the  so-called  *'chalcedonic  silica"  of  the  iron-bearing  rocks  at  Ver- 
milion lake  in  northern  Minnesota.  Tlie  line  of  contact  between 
the  quartzyte  bed  here  described,  and  the  greenstone  on  either  side  is 
not  straight,  nor  parallel  with  the  strike  of  the  quartzyte,  but  off-sets 
right  and  left,  like  a  fracture-plane  rather  than  a  plane  of  sedimentary 
superposition  or  of  igneous  overflow;  but  in  the  main  it  coincides  with 
the  strike  of  the  quartzyte. 

A  little  further  north,  at  the  recent  cuts  made  by  the  Canadian 
Pacific  railway,  the  relations  of  these  two  rocks  are  evident.  There 
is  a  continuous  rock  exposure  from  the  lake  to  the  railroad,  and  the 
cut  shows  the  relations  expressed  by  the  subjoined  diagram — figure  4, 
which  is  a  view  of  the  north  side. 
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BgilanaUon  of  Figwti. 
2.    Dioryte,  showing  couae  flowsge- bedding  oft- 
en Reea  in  overflow  sheeta  of  enipttve  rock,  and 

^         pnrtlcularl J  In  the  great  gabbrosheet  of  Hinnesota. 

■%  %.    QDartzjte,  pinkish,  with  detached  massea  oa 

the  right  IndlcAtlng  the  direction   of  flow  of  the 

.e         molten  rock.     Theae  detached    masMR   are  pink 

^         when  large,  but  some  of  tiiem  »re  greeniah,  st  teut 
supetficiallj,  with  chlorite,  but  graj  within.  There 

•£         Is  some  difficulty  in  distinguishing  them  all  from 

^         the  enclosing  igneous  rock,  since  they  come  to  look 

5  like  the  fine-grained  contact  parts  of  it. 

oi  3.     Basaltic  columns  developed  in  the  upper  part 

g*        of  the  igneous  rock  from  the  cooling  in  contact 

Bi        with  quartzyte. 

g  4.    Dioryte  not  basaltic. 

eii  5.    Quartzyte. 

■S  6,    Quartz  vein. 

K  This  ridge  of  quartzyte  rises  toward  the 

%        southwest  so  as  to  coalesce  with  a  general 
%        quartzyte  area.     The  superficial  area  of  the 
^        dioryte  running  to  a  point  between  them. 
.g  The   quartzyte  has  patches  of  chloritic 

S  shaly  quartzyte,  acme  of  it  with  less  fine 
*  quartz.  This  is  visible  on  the  face  of  the 
3  perpendicular  cut.  The  southwestward  dip 
*»  is  exhibited  plainly,  but  the  contact  of  the 
^  two  rocks,  when  sketched,  is  a  straight 
se^  plane,  perpendicular  to  the  horizon,  visible 
I,  specially  on  the  south  side  of  the  cut,  and 
"^  cootinuous  to  the  north  side,  where  it  is 
pT  perpendicular  or  slopes  a  little  to  the  north- 
west. Fortunately  the  conjunction  of  the 
railroad  grade  with  this  contact  is  so  near 
the  top  of  the  ground  that  there  is  risible  a 
continuous  mass  of  the  dioryte,  spread  over  the  surface  of  the  quartz- 
yte and  eitending  again  below  the  level  of  the  grade  and  continuing 
till  the  quartzyte  rises  and  spreads  out  eaatwardly  without  interrup- 
tion. There  could  be  no  more  conclasive  demonstration  of  the  erup- 
tive and  later  origin  of  the  greenstone.  Rocks  117!t-1179  illustrate 
the  foregoing  desciiptinu. 

The  same  fine-grained  gray  quartzyte,  varying  to  pinkish  and  dip- 
ping toward  the  lake  at  an  angle  of  80°  from  the  horizon,  is  seen  to 
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constitute  the  long  point  that  projects  from  the  mainland  soatheast* 
wardly  from  the  westside  of  the  westerly  delta-arm  of  the  river.  It 
strikes  W.  10°  S  (mag.).  It  is  in  thin  beds,  and  though  the  grain 
and  color  is  much  like  that  already  described  at  Blind  river,  it  is 
strikingly  unlike  that  seen  at  Thessalon.  Indeed  its  physical  character 
seems  to  ally  it  with  the  slate  formation  and  the  rock  immediately 
overlying  the  felsyte  at  Otter  Tail  P.  0.  rather  than  with  the  great 
conglomero-quartzyte  described  at  Thessalon.  Compare  rocks  119T 
and  1198.  The  point  is  crossed  by  a  diabase  dike  (1181)  forty-eight 
feet  wide,  which  runs  about  in  the  direction  of  the  strike;  and  by 
another  about  parallel  near  the  lake  shore  a  little  further  south. 

Missasaugui  river.  Toward  Missasaugui  river,  from  Blind  river, 
along  the  new  grade  of  the  Canadian  Pacific  R.  R.,  the  first  outcrop 
is  about  a  mile  and  a  quarter  from  Blind  river.  It  consists  of  glaci- 
ated domes  of  diabase,  rising  on  the  south  side  of  the  grade.  But  a 
short  distance  further  west,  on  the  same  side  of  the  grade,  can  be 
seen  other  similar  domes,  but  on  the  north  side  of  one  of  them  is  a 
lenticular  area  of  pinkish  quartzyte,  the  greatest  length  being  about 
east  and  west  in  the  direction  of  the  strike.  Toward  the  east  it  is 
enveloped  entirely  by  diabase,  and  toward  the  west  it  is  hid  partly  by 
diabase  and  partly  runs  under  the  soil.  The  nortbern  contact  plane 
is  nearly  perpendicular. 

The  next  visible  rock  is  at  the  west  delta-arm  of  Blind  river,  where 
the  new  railroad  crosses  it.  It  is  quartzyte,  but  has  some  dioryte 
associated  with  it.  The  dip  is  confused,  but  at  one  place  it  was  seen 
to  be  distinctly  toward  the  N.  N.  W.,  the  reverse  of  that  along  the 
lake  shore.     But  this  is  likely  to  be  only  a  local  irregularity. 

At  about  three  quarters  of  a  mile  east  of  the  Missasaugui  river  is  a 
low  cut  in  the  quartzyte,  and  some  of  it  is  light  greenish,  or  pea- 
green,  shown  by  1183. 

At  the  railroad  cut  at  the  Missasaugui,  east  side  of  the  river,  the 
igneous  rock  is  exposed.  It  shows  a  rude  flowage-structure  dipping 
N.  W.,  and  it  embraces  red  felsitic  portions,  of  irregular  shape  and 
position.  These  are  very  conspicuous,  and  very  interesting  because 
they  illustrate  again  the  same  manner  of  origin  of  felsyte  as  has  been 
mentioned.  These  pieces  (1182)  can  be  accounted  for  by  supposing 
them  to  have  been  loosened  fragments  from  the  country  quartzyte 
enclosed  in  the  molten  rock  at  the  time  of  the  eruption,  and  in  that 
way  fused  and  welded  to  the  diabase.  These  isolated  red  felsyte  pieces 
have  considerable  free  quartz,  but  it  cannot  easily  be  ascertained 
whether  the  grains  have  a  crystalline  form.    The  bulk  of  it  is  aphan- 
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itie,  opaque  and  reddish,  and  the  silica  seems  to  have  been  feebly  dis- 
seminated in  the  felsitic  groundmass,  chemically  losing  its  identity  in 
whole  or  in  part. 

Different  conditions  and  stages  of  this  interesting  combination  are 
here  visible.  One  is  that  of  the  quartzyte,  in  association  .with  the 
diabase  becoming  afiPected  by  heat,  some  of  it  becoming  infused  with 
what  now  appears  like  a  green  chloritic  matter,  the  quartz  losing 
some  of  its  distinctness— 1184.  Another  is  of  the  same  character, 
but  darker — 1185.    Still  further,  and  the  change  developes  an  ortho- 

• 

elastic  tendency — 118f).    Again,  without  being  colored  by  the  inter- 
penetration  of   any  of    the  basic  elements,  the  changed  quartzyte 
L    becomes  dense  and  fibrously  basal tified,  appearing,  structurally,  like 
^    the  basaltic  red  felsyte  of  the  "great  palisades"  on  the  north  shore  of 
lake  Superior— 1187.     The  last  step  in  the  mingling  of  the  two  rocks 
is  seen  in  the  formation  of  an  orthoclase  dioryte,  or  orthoclase  gabbro, 
wherein  the  silica  of  the  quartzyte,  fused  in  the  mass  of  igneous  mat- 
ter, apparently  having  sought  as  an  acid  the  strongest  alkaline  base 
(potash),  has  combined  so  as  to  make  a  dioritic  rock  that  is  speckled 
with  red  orthoclase  crystals — 1188  and  1189.     These  stages  are  all 
visible  within  a  small  space  at  the  railroad  cut  at  the  east  side  of  the 
Missasaugui.    When  opportunity  occurs  a  special  study  and  presen- 
tation of  these  varieties  of  rock  and  their  paragenesis,  in  connection 
with  other  similar  facts  that  have  accumulated  during  the  past  ten 
years,  going  to  show  the  origin  of  felsyte  from  sedimentary  rock,  and 
not  from  a  deep  eruptive  source,  will  be  made  in  some  of  the  publica- 
tions of  the  survey. 

At  the  mouth  of  the  Missasaugui,  on  the  west  side,  a  dome  of  dioryte 
rises  from  the  water's  edge  having  the  character  of  1190,  and  on  its 
southerly  margin  has  an  abrupt  contact  on  a  fine-grained,  gray,  almost 
flinty  quartzyte  which  dips  south  at  an  angle  of  about  80°  (1191). 
This  dioryte  has  a  different  aspect  and  apparently  a  difiFerent  composi- 
tion from  any  rock  seen  in  the  area  of  the  original  Huronian.  Its 
association  is  somewhat  different  also.  The  fine-grained  quartzyte 
with  which  it  forms  an  abrupt  contact,  while  probably  a  part  of  the 
quartzyte  series  seen  at  Blind  river,  which  also  extends  along  the 
shore  between  Blind  river  and  the  mouth  of  the  Missasaugui  is  darker 
colored,  and  much  finer  than  the  great  Thessalon  quartzyte  and  evi- 
dently occupies  a  lower  stratigraphic  place  in  the  Huronian.  Its 
granular  structure  is  compacted,  and  cemented  closely  by  secondary 
silica.  Its  coloring  material  gives  it  a  suggestive  alliance  with  the 
dioryte,  and,  owing  to  the  greater  metamorphism  to  which  it  has  been 
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subjected  leads  to  the  possibility  that  the  adjoining  dioryte  is  itself 
only  a  modified  condition  of  some  part  of  the  £:reat  slate  formation,  the 
transition  being  similar  to  such  as  have  been  noted  in  the  Animikein 
northern  Minnesotaiat  various  places. 

On  the  east  side  of  the  Missasaugui,  at  its  mouth,  is  a  beautiful  ex- 
panse of  this  quartzyte,  making  the  outer  breakwater  of  the  lake  shore 
and  enclosing  a  little  bay  where  the  river  enters.  The  strike  is  per- 
sistent here  and  conspicuous,  W.  6°  N.  (mag.),  and  the  dip  about  75*", 
toward  the  lake.  False  bedding  and  slaty  characters  coincident  with 
the  stratification,  are  features  that  appear  in  some  of  the  layers.  No. 
1192  represents  one  of  the  greenish  weathering,  more  slaty  parts  of 
this  quartzyte.  This  quartzyte  is  cut  by  a  greenstone  dyke  running 
S.  66''  W.  (mag.),  showing  non-conformable  relations  with  the  strike, 
and  hence  non-inter-bedding.     This  dike  is  about  forty  feet  wide. 

Between  Missasaugui  and  Blind  rivers  an  inspection  of  the  shore 
in  a  row-boat  revealed  nothing  except  the  quartzyte  1191,  with  an 
occasional  dike  or  overflow-area  of  some  greenstone  eruptive.  The  dip 
of  the  quartzyte  is  regularly  from  75°  to  80°  into  the  lake,  and  the  im- 
mediate coast-line  is  for  nine-tenths  of  the  distance  composed  of  jt.  The 
greenstone  dikes  have  a  direction  about  W.  20? — 30°  S.  (mag.)-  They 
are  represented  by  rock  1181,  from  the  point  off  the  mouth  of  Blind 
river. 

CONCLUSIONS    RESPECTING  THE  ORIGINAL  HURONIAN. 

This  examination  of  the  original  Huronian,  of  which  tho  foregoing 
is  a  brief  account,  leads  to  some  important  results  which  have  a  direct 
bearing  on  the  classification  of  the  rocks  of  Minnesota,  and  of  the 
northwest. 

In  general,  the  stratigraphic  grouping  of  the  parts  above  noted,  is 
about  as  indicated  by  Logan  in  the  report  and  atlas  of  1863,  except 
that  the  ''green  chloritic  slates,"  so-called,  are  not  at  all  included  in 
the  terrane  as  constituent  parts  of  the  stratigraphy.  They  are  a  part 
of  the  eruptive  basic  rocks  of  the  region,  and  very  doubtfully  ever  be- 
come slaty — indeed  they  never  exhibit  the  slatiness  of  roofing  slates, 
and  only  rarely  have  that  interrupted,  wavy,  thin  bedding  which  ap- 
pears on  the  weathering  of  a  once  molten  mass  indicative  of  an  inter- 
nal fluidal  structure.  Their  macroscopic  mineral  characters  also  ally 
them  closely  with  the  greenstones.  These  slaty  characters  moreover 
are  found  only  in  the  midst  of  areas  of  undoubted  eruptive  greenstone. 
Not  only  is  this  "chloritic  slate,"  but  all  the  "greenstones"  are 
excluded  from  the  Huronian.    They  are  regarded  by  Logan  as  acci- 


f 


STATB    0S0L00I8T.  3T 

denial  features,  except  so  far  as  they  are  named,  and  colored  as> 
*' green  chloritic  slates."    In  his  map,  and  in  his  table  of  stratigraphic 
parts  of  the  Huronian  (map  of  1865),  there  is  absolutely  no  other  ref- 
erence  to  the  vast  outflows  of  greenstone  that  cover  many  square 
miles  in  the  Thessalon  valley,  and  that  constitute  hill-ranges  as  con- 
spicuous as  those  of  any  rock  in  the  region.*    The  limestones  also  are 
quite  subordinate  parts,  belonging  in  the  slate  number  of  the  Huron- 
ian. They  are  siliceous  and  cherty  in  some  cases,  and  very  fine-grained. 
A  limestone  which  is  more  like  a  gray  crystalline  marble  appears  a 
little  northwest  of  the  old  Wellington  mines,  belonging  in  the  ''  low- 
er slate  conglomerate,"  of  Logan,  but  time  was  not  afforded  to  exam- 
ine  into  its  stratigraphic  relations. 

It  thus  appears  that  the  original  Huronian  can  be  divided  into  three  . 
grand  divisions,  viz. : 

1.  Red  and  white  quartzyte,  granular  and  sometimes  couglomeritic. 

2.  Slates  and  gray  quartzyte,  sometimes  conglomeritic. 

3.  Very  fine-grained  white  or  gray  quartzyte. 

No.  1  overlies  No.  2.  No.  1  includes  the  parts  31,  3i,  3h,  3g,  of 
Logan's  tabular  statement  accompanying  his  map  of  the  region,  of 
1865.  No.  2  inclj^des  3f,  3e,  3d,  of  the  same  table.  No.  3  includes 
3a  and  probably  3c.  No  observation  was  made  that  fixed  without 
doubt  the  positions  of  his  parts  3k  and  3c,  but  from  what  was  seen  it 
is  inferred  as  probable  that  his  3k  belongs  in  No.  2  and  his  3c  in 
No.  3. 

It  seems  necessary  to  recognize  the  fault  which  Logan  represents 
ruuning  on  his  map  northwestwardly  up  the  Thessalon  valley,  by 
which  the  lower  rocks  are  suddenly  brought  to  the  surface  and  made 
to  appear,  according  to  the  prevailing  dip,  to  lie  over  the  upper. 

No.  1,  above,- is  divisible  into  at  least  two  subordinate  parts,  but  it 
is  not  supposed  that  the  character  on  which  these  are  based — that  of 
color— will  be  found  suflSciently  constant  to  warrant  the  extension  of 
this  division  beyond  the  limits  of  the  original  Huronian  area,  though 
other  distinctions  may  be  discovered  which  will  permanently  charac- 
terize these  members  over  a  broader  area.  1. — Otter  Tail  quartzyte. 
2.— Thessalon  quartzyte.  The  highest  member  of  the  Huronian  is 
the  Otter  Tail  quartzyte.  It  is  nearly  white,  but  in  limited  areas  it  is 
both  conglomeritic  and  pinkish.  It  also  is  greenish  sometimes.  Its 
greatest  and  characteristic  exposure  is  in  the  hills  along  the  east  side 

*His  niAp  U  alio  Incorrect  in  othar  resptcU.  It  repres3nt8  the  Laareotian  as  occapying  the  lako 
■iM»fe  for  some  mile*  at  the  moath  of  the  Mlssasaagni  anl  the  Blind  n\era,  where  the  only  rock«  are 
feartcyte  aitd  greenatone. 
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of  Otter  Tail  lake,  and  at  the  southeastern  extremity  of  that  lake. 
Its  thickness  is  several  thousand  feet,  but  there  was  not  time  to  ascer- 
tain  it  carefully.  The  underlying  quartzyte  is  red  or  reddish,  occa- 
Bionally  conglomeritic,  and  perhaps  prevailingly  somewhat  finer- 
grained  than  the  last.  It  is  that  member  which  would  most  probably 
afford  catlinite,  and  perhaps  the  fossils  of  the  catlinite  in  Minnesota,  if 
similar  clay  beds  could  be  discovered  in  it.  The  chief  outcrop  of  this 
quartzyte  which  was  examined  occurs  in  the  Thessalon  valley  forming 
a  ridge  running  nearly  east  and  west  and  rising  to  the  hii2:ht  of  150 
feet  above  the  adjoining  low  land  on  the  south.  This  ridge  is  on  the 
north  side  of  the  Thessalon  and  its  composition  is  represented  by  rock 
1171  The  thickness  of  the  strata  here  is  also  several  thousand  feet, 
.but  no  exact  measurement  was  attempted. 

The  subordinate  parts  of  the  other  principal  members  are  as  follows : 
.3  — Black  slate,  identical  in  all  characters  with  the  slaty  beds  of  the 
Animike  in  northeastern  Minnesota;  siliceous,  carbonaceous,  slaty  in 
the  direction  of  and  incident  to  the  sedimentation.  This  is  supposed 
to  embrace  the  limestone  layer  which  appears  near  "the  Bruce." 
This  sometimes  varies  to  a  somewhat  harsher  grayish  feldspathic 
■quartzyte.  It  appears  about  two  miles  south  from  JVIurray's  corners, 
north  from  Otter  Tail  lake,  and  there  constitutes  a  series  of  ridges 
and  hills  that  give  the  country  a  very  rough  contour.  It  contains,  in 
some  of  its  more  quartzose  strata,  considerable  quantities  of  hard 
black  micaceous  hematite  distributed,  along  with  amethystine  quartz, 
in  veins  which  have  recemented  the  fragments  after  the  strata  have 
been  brecciated.  ^.-^"Lithographic  stone."  This  is  found  in  the 
bottom-land  of  the  Thessalon  river  a  short  distance  below  Otter  Tail 
lake,  on  the  south  side  of  the  great  fault.  It  strikes  from  there  north- 
westwardly and  appears,  in  a  somewhat  more  granular  and  siliceous 
phase,  on  the  south  side  of  the  red  felsyte  hill  near  Otter  Tail  P.  0. 
This  is  only  a  modification  of  the  slates  of  No  3,  by  the  increase  of 
calcareous  sediment,  and  the  greater  fineness  of  the  siliceous.  5  — Red 
felsyte.  This  is  found  forming  a  ridge  that  rises  about  200  feet,  near 
the  village  of  Otter  Tail.  It  appears  again,  on  the  north  side  of  the 
fanlt,  about  two  miles  south  of  Murray's  corners,  and  again  at  "the 
dump,"  where  it  is  represented  in  figure  4.  It  is  roughly  stratified, 
and  is  plainly  only  a  modification  of  some  of  the  beds  of  the  forma- 
tion. It  is  probably  not  a  continuous  layer.  6.— The  Missasaugui 
quartzyte.  This  differs  from  the  great  quartzyte  forming  the  summit 
of  the  Huronian  in  being  always  gray  or  white,  very  fine-grained,  and 
dense.     It  seems  to  fade  gradually  into  the  more  siliceous  portions  of 
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tbe slates  and  to  become,  in  some  places,  interbedded  with  slates.    Its 
tUckness  is  probably  not  less  than  1000  feet.    7. — Slate  conglomerate, 
seen  at  Murray's  hill,  near  Murray's  corners.     This  is  one  of  the  prin- 
cipal members  of  the  Haronian.    It  is  repeated  in  Minnesota  in  the 
Ogishke  coaglomerate.*    Its  thickness  is  probably  at  least  5,000  feet. 
These  are  the  principal   masses,  and  they  exhibit  the  principal 
aspects  of  the  sedimentary  rocks  of  the  original  Haronian.   The  order 
in  which  they  are  named  above,  while  agreeing  mainly  with  that 
given  by  Logan,  cannot  be  considered  established  certainly  by  the 
observations  we  were  able  to  make.     One  of  the  most  important 
points  to  be  noticed  in  this  is  the  evidence  of  two  great  quartzytes, 
having  many  common  features,   but  separated  by  a  great  body  of 
;    slate  and  perhaps  slate  conglomerate. 

These  rocks  are  not  crystalline,  but  fragmental,  and  show,  except 
where  they  have  been  modified  locally  by  contact  with  eruptive  rock, 
every  character  that  is  known  to  indicate  sedimentary  origin.  There 
are  no  mica  schists,  no  sericitic  schists,  no  hornblendic  schists,  no 
typical  gray  wackes,  though  the  dark  slates  sometimes  become  coarser- 
grained  and  approach  the  well-known  wackenitic  ensemble,  no  gneiss 
orgneissic  rock  except  what  is  very  limited  in  amount  and  is  directly 
referable  to  contact  with  greenstone. 
Among  the  greenstones  it  is  not  designed  here  to  include  the  dioryte 
f  seen  at  the  mouth  of  the  Missasaugui.  There  are  reasons  which  it 
it  not  necessary  to  mention  at  this  place,  that  induce  the  writer  to 
entertain  a  strong  doubt*as  to  the  eruptive  nature  not  only  of  this 
dioiyte  but  of  all  the  quartz-diorytes  that  are  associated  with  these 
slates  and  quarlzytes  in  northeastern  Minnesota.!  All  the  facts  that 
have  been  observed  by  the  Minnesota  survey  conspire  to  show  they 
are  derived  frofii  metomorphism  of  some  of  the  sedimentary  rocks  of 
the  group,  although  the  preponderance  of  opinion  of  microscopic 
lithologists  is  to  consider  them  of  original  eruptive  origin. 

The  Minnesota  parallels  of  these  rocks  have  been  indicated  already  in 
giving  the  local  descriptions,  but  a  brief  repetition  will  not  be  out  of 
place.    It  may  be  included  in  the  following  tabular  statement: 

*SeettM  lOih  Anuaal  Report 

K^pare  th«  dea^criptton  of  the  qaartz-dioryte  at  Little  Falls,  on  the  Mississippi,  by  Strong  aod 
Klooi;  iitb  anuaal  rei>ort,  pp.  34  and  74. 
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Original  EurorUan,  Minnetota  equitdUnU. 

Otter  Tail  quartzyte.  i  Pewabic  quartzjte  (?) 

}  New  Ulm,  Pokegama  and  Wauswaugo* 
Thessalon  quartzyte.  (     ning  quartzytes. 

Black  slate.  Animike  black  slate. 

** Lithographic  stone"  and  fine  gray 
quartzyte.  Not  known. 

Red  felsyte.  Felsytes  at  Duluth  and  probably  the 

Great  Palisades. 

Missasaugui  quartzyte.  Not  known. 

Slate  conglomerate.  Qgishke  conglomerate. 

There  is  some  reason  to  infer  that  there  is  an  unconformity  between 
the  Thessalon  quartzyte  and  the  Black  slat^*  This  evidence  consists 
in  the  existence  of  cherty  and  quartzyte  pebbles  in  the  quartzyte 
which  seem  to  have  been  derived  from  the  Black  slate  strata.  The 
same  kind  of  evidence,  the  existence  of  granite  boulders  in  the  slate 
conglomerate,  indicates  another  unconformity  between  it  and  the 
granites  of  the  region  that  lie  to  the  east  and  northeast  of  the  Thessa- 
lon river;  but  in  the  latter  case  the  evidence  is  conclusive,  and  in  the 
former  it  is  but  inconsiderable. 

THB  IBON-BBABING  BOOKS   AT  HABQUBTTB,   HICHIGAN. 

At  Negaunee,*  Some  observations  were  made  at  the  new  mines 
situated  about  two  miles  east  of  Negaunee.  There  is  a  singular  irreg- 
ularity in  the  rocks  of  the  region  seen  in  this  vicinity.  The  Iron 
Cliffs  and  the  Sam  Mitchell  mines  are  troubled  by  a  sudden  inthrust 
of  the  north  wall,  by  which  the  body  of  iron  ore  is  entirely  cut  off  at 
an  angle  which,  in  the  latter  mine  differs  from  horizontality  but 
fifteen  degrees,  sloping  downward  toward  the  south.  The  strata  car- 
rying the  ore  dip  northward  from  65°  to  80°,  and  this  inthrust,  there- 
fore, which  consists  of  a  great  quartzyte  of  unknown  thickness,  cuts 
the  strata  off  nearly  at  a  right  angle.  In  the  Iron  Cliffs  mine  the 
superintendent  followed  the  upper  surface  of  this  quartzyte,  which 
here  descends  much  more  rapidly  than  in  the  Sam  Mitchell,  downward 
in  a  shaft  to  the  depth  of  about  seventy  feet,  following  a  two-foot 
layer  of  soft  greenstone,  hoping  to  get  below  the  troublesome  quartz- 
yte, and  then  by  drifting  southward  to  find  the  ore  again.  But  at 
about  seventy  feet  he  was  intercepted  by  another  quartzyte  which 
seemed  to  be  one  of  the  beds  of  the  iron-bearing  rock,  which,  dipping 
northward  at  the  same  angle  as  the  ore,  abuts  upon  the  intruding 

*Iu  passing  rrom  the  area  of  the  original  Haronian  to  Marquette  opportanity  was  afforded  to  note 
the  dip  of  the  sandstone  causing  the  rapids  at  the  outlet  of  lake  Superior,  it  was  found  to  be  about 
10^  from  the  horizon,  10°  south  of  west,  magnetic 
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qaarizyte  so  as  to  leave  bat  a  space  about  two  feet  wide  between  tbem. 
This  space  was  occapied  by  the  soft  greenstone  he  was  shafting  in, 
and,  though  it  changed  its  direction  so  as  to  become  perpendicular  he 
followed  downward  between  the  quartzytes  to  one  hundred  and  fifteen 
feet  without  change,  and  was  there  at  work  at  the  time  of  this  visit. 
The  next  mine  toward  the  west  is  the  Buffalo,  in  which  no  such 
trouble  has  been  experienced,  the  formation  dipping  regularly  toward 
the  north,  or  north  northwest,  at  a  high  angle. 

This  troublesome  quartyzte  is  represented  by  Nos.  1141,  and  1253, 
the  latter  however  from  the  south  side  of  the  shaft  at  the  depth  of 
about  115  feet.  They  are  identically  the  same  gray  quartzyte,  rather 
finer  grained  than  the  great  overlying  quartzyte  of  the  original  Huron- 
ian,  and  more  or  less  mingled  with  a  green  matrix,  a  siliceous  gray- 
wacke.  The  circumstances  appear  to  indicate  a  synclinal  folding  of 
the  gray  quartzyte,  the  mines  from  which  the  ore  has  become  tempo- 
rarily exhausted,  being  in  the  basin  of  the  syncline  where  it  is  shallow 
and  runs  near  the  surface.  At  the  depth  of  115  feet  it  appears  that 
the  folding  was  so  sharp  that  the  quartzyte  was  brought  against  itself, 
or  was  broken  and  thrust  against  itself  at  a  higher  level.  This  is  in- 
dicated not  only  by  the  identity  of  the  rock  on  the  north  and  south 
sides  of  the  shaft  at  115  feet,  but  by  the  continuation  of  the  two-foot 
bed  of  greenstone  which  runs  down  between  the  quartzyte  beds,  up  to 
the  top  of  the  mine  on  the  south  wall  of  the  open  pit  in  conformity 
with  the  iron  ore  beds  and  with  the  main  quartzyte  bed  on  the  south 
«ide.* 

A  similar  quartzyte,  but  more  like  a  siliceous  graywacke  (rock  1218) 
sometimes  having  a  i2:reenish  aspect,  appears  on  the  northern  part  of 
the  Buffalo  property,  (next  west  of  the  Sam  Mitchell)  at  the  railroad- 
cut,  in  such  a  position  as  to  suggest  the  probable  continuity  of  the  rock 
from  the  Sam  Mitchell  mine.  It  here  apparently  dips  N.  and  is  over- 
lain by  a  black  slate  (1249)  which  graduates  downward  into  a  contort- 
ed greenish  slate  (1250)  which  lies  directl}'  on  the  slickensided  upper 
surface  of  the  quartzyte.  These  all  dip  north,  but  this  quartzyte  seems 
to  have  an  unconformable  upper  surface.  It  is  rounded  and  undu- 
lating, as  well  as  slickensided.  These  slates  lie  directly  upon  the 
•quartzyte  (or  graywacke)  at  the  railroad  cut,  but  toward  the  westward 
they  seem  to  separate,  the  quartzyte  becoming  lost,  and  in  its  place 
on  the  south  side  of  the  slates  there  being  an  old  dike  which  runs 
conformably  with  the  slates  westwardly  across  the  railroad  and  on  to 

*A  dnllftr  abropt  eattlog  off  of  the  ore  in  a  mine  by  an  inthnistins  quartzyte  is  described  by  Brooks 
Mi  Mfclriomme,  the  Inthrost  also  comlug  from  the  north.    Geol.  Surv  of  Mich,  vol  i.  p.  138. 
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the  next  knoll  where  these  slates  become  somewhat  iron-bearing 
(1252),  and  the  selvage  of  the  slates,  the  hardened  and  broken  wall, 
alongside  the  old  dike,  projects  above  the  ground  conspicuously. 
Here  the  dike  is  hardly  visible,  but  can  be  occasionally  seen  on  the 
south  side.  This  old  dike  is  a  very  different  rock  from  the  slates, 
microscopically  (1251).  It  is  coarser  but  even  grained,  has  a  light 
green  color,  no  free  quartz,  is  sub4alcose  to  the  touch,  is  lenticularly 
schistose  perpendicularly,  without  sedimentary  banding,  cut  by  fre- 
quent quartz  veins.  It  is  probably  the  same  greenstone  which  runs 
across  the  Iron  Cliffs  mine,  and  in  which  the  superintendent  shafted 
between  the  quartzyte  masses. 

At  the  Iron  Cliffs  (1143)  and  the  Swan  mines  (which  latter  is  a 
short  distance  west  of  the  Buffalo)  the  ore  is  interchangeable  with 
quartzyte,  both  across  and  in  direction  of  the  strike,  large  portion>s 
being  rejected  from  the  strata  which,  about  20  feet  right  or  left,  in 
the  direction  of  the  strike,  were  wholly  reserved  and  shipped  as  ore. 
This  irregularity  is  distinctly  observable  at  the  Swan  mines.  The 
sedimentary  rock  graduates  from  1247  A,  a  coarse  fragm^ntal  stone,, 
mainly  quartz  but  with  glittering  facets  apparently  of  minute  crystals^ 
of  magnetite,  through  1247  B,  an  impure  hematite  banded  with  light 
red,  chalcedonic  silica,  to  1247  C,  an  earthy  henwtitic  jasperoid  rock, 
banded  and  clouded.  This  shows  a  common  origin  for  tliem  all  rather 
than  a  chemical  or  eruptive  source  for  the  jaspilyte  and  not  for  the 
others. 

Occasionally  also,  at  the  Iron  Cliffs  mine,  the  red  hematite  is  asso- 
ciated with  lumps  of  siderite,  some  of  them  being  six  or  eight  inches 
in  diameter.  There  is  a  gradual  transition  from  one  to  the  other,, 
through  a  yellowish  limonite  (1142). 

Along  the  north  side  of  Teal  lake  at  Negaunee  runs  a  range  of  hills 
made  up  of  a  nearly  white  granular  sometimes  pebbly  quartzyte  (1252), 
It  is  blotched  with  red,  ripple-marked,  evidently  fragmental,  and  dips 

•  

south,  18°  W.  about  65°.  This  is  mapped  by  major  T.  B.  Brooks  as 
continuous  with  that  which  forms  the  "capping  "  of  the  ore  at  Ishpe- 
ming.  Here  it  dips  as  it  does  there,  apparently  below  the  ore.  It 
embraces  not  only  pebbles  of  quartz  but  some  of  other  kinds,  among 
which  may  be  mentioned  a  light  greenish,  very  fine-grained  serpentina 
ous  rock,  and  a  soft  red  hematite.  This  is  an  immense  quartzyte,  visibly 
200  or  300  feet  thick.  On  the  north  side  of  the  bluff  it  graduates 
downward  into  a  thin-bedded,  feldspathic  fine-grained  gray  quartzyte 
(1234)*    exactly  duplicating  the  section  seen  north  of  Ishpeming., 

*  ThiB  seems  to  be  the  rock  worked  fur  hcnestonee;  Jiominaer;  GeoL  9ur.c/  Mich.  vol.  tv  ,  p.  41. 
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Whether  this  is  here  a  conformable  transition  is  not  quite  certain,  as 
there  is  but  a  slight  outcrop  of  the  thin-bedded  gray  quartzyte  at  the 
point  examined.  Next  along  north  of  this  quartzyte  range  is  a  range 
of  dioryte  hills.  This  quartzyte  is,  in  the  opinion  of  the  writer,  the 
equivalent  of  the  Otter  Tail  quartzyte  of  the  original  Huronian,  and 
lies  unconformably  on  the  iron-bearing  rocks  at  Negaunee.^  This 
will  be  made  more  apparent  on  giving  the  observations  made  at  other 
points. 

An  old,  much  altered,  dike  can  be  seen  cutting  this  quartzyte  near 
the  east  end  of  Teal  lake  (1255).  It  is  somewhat  serpentinous  and 
schisto-fibrous,  of  a  prevailingly  grayish-green  color  but  striped  and 
blotched  by  different  amounts  of  iron-oxide.  This  gives  it,  in  some 
places,  a  pseudo-aspect.of  sedimentary  banding. 

At  the  Eldridge  mine  on  the  south  side  of  Teal  lake,  which  is  as  yet 
only  an  exploration,  the  shaft  penetrates  one  hundred  and  fifty- three 
feet  perpendicularly  a  red  "  soap  rock,"  which  is  said  to  dip  south  as 
if  it  passed  beneath  dioryte  hill  near  which  it  is  located. 

At  the  Hartford  mine,  a  little  further  west,  still  on  the  south  side 
of  Teal  lake,  the  situation  is  similar  to  that  at  the  Eldridge,  and  a 
good,  massive  hard  bluish  ore  is  taken  out. 

Next  west  in  the  Cambria  mine  the  formation  also  dips  south. 
This  mine  has  been  long  worked,  and  has  sent  out  a  large  amount  of 
ore.  The  mining  operations  exhausted  a  large  basin-shaped  pocket 
of  ore,  shut  in  by  **  jasper"  on  all  sides,  and  on  the  bottom;  the  work- 
ing could  not  be  extended.  Drills  were  run  in  all  directions  into  the 
**  jasper"  and  through  it,  but  nothing  more  could  be  found  of  the  ore. 
They  are  now  exploring  by  following  a  narrow  bed  of  ore  northwest- 
wardly, shafting  and  drifting. 

The  outbreak  of  the  dioryte  hills  between  Negaunee  and  Teal  lake 
seems  to  have  had  no  effect  on  the  dip  of  the  formation,  since  it  dips 
southwardly  on  both  sides  of  these  hills. 

At  Cascade^  which  is  four  and  a  half  miles  south  of  Negaunee,  the 
iron-bearing  rock  dips  toward  the  north  at  all  the  working  mines.  An 
interesting  feature  here  is  the  evident  fragmental  character  of  the  ore 
rock.  It  is  not  only  in  beds  that  vary  in  thickness  from  less  than  half 
an  inch  to  three  or  four  feet,  with  a  conformable  dip  28° — 40"*  N.,  but 
some  of  them  contain  rather  coarse  grains  of  clear  quartz,  about  as 
large  as  mustard  seeds,  which  are  disseminated  in  a  manner  character- 
istic of  sedimentation  through  some  of  the  layers.    In  other  places 

•  Compare  Th*  American  Geologitti  March  1888.    A  great  primordial  quartzyte*    N.  H.  Wiochell. 
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the  ore  consists  almost  entirely  of  fine  magnetic  octahedrons  (1217). 
Some  of  the  micaceous,  massive  hematite  contains  great  numbers  of 
small  cinnamon  colored  garnets. 

Lying  unconformably  on  the  edges  of  the  ore-rock  is  a  quartzose 
conglomerate,  (1218  and  1219).  At  the  bottom,  this  conglomerate  is 
dark,  ferruginous  and  pebbly,  the  pebbles  being  from  the  fibrous  hem- 
atite of  the  region,  jasper  and  white  vitreous  quartz,  some  of  the  latter 
also  being  purplish  or  smoky.     It  also  contains  pebbles  of  the  very  fine  - 

m 

grained  quartzyte  or '*  chalcedonic  quartz"  peculiar  to  the  iron-bearing 
series  at  Marquette  and  Vermilion^  and  of  other  sorts  of  rock.  Toward 
the  upper  part  this  conglomerate  becomes  simply  a  quartzyte,  white 
or  dirty  white,  and  is  seen  covering  several  acres,  and  extends  at  least 
half  a  mile  from  north  to  south.  On  the  summit  of  the  hill  just 
south  of  the  old  workings  of  the  Watson  mining  company  (Bagley 
hill)  the  appearance  of  this  conglomerate  is  represented  by  tbe  figure 
attached.     (Figure  5.) 

Here  but  12  feet  can  be  seen,  dipping  apparently  N.  N.  E.  about  15 
deg-,  but  it  continues  in  knobs  and  hills  of  higher  and  higher  strata, 
toward  the  north  and  northeast,  showing  a  thickness  of  several  hund- 
red feet.  At  the  recent  new  mines  of  the  Pittsburg  and  Lake  Superior 
Mining  Company,  about  half  a  mile  toward  the  northeast,  two  shafts 
pass  through  this  rock,  one  250  feet  and  one  175  feet,  and  nothing 
else,  except  some  soft  shaly  material  (6  to  10  feet),  where  they  struck 
the  iron  ore  formation.  This  conglomeritic  quartzyte  appears  above 
the  surface  in  numerous  places,  one  knob  being  on  the  "  Location  " 
(at  Palmer  P.  0.)  It  here  dips  35''  toward  the  N.  40°  W.,  or  toward 
the  new  shafts.  It  here  contains  numerous  pebbles  iin.  to  1  in.  in 
diameter. 

From  the  fact  that  pebbles  of  red  jasper,  chalcedonic  silica  and  red 
hematite  occur  in  this  conglomerate  it  is  apparent  that  the  iron  ore 
formation  must  have  been  constituted  in  pretty  nearly  its  present  state 
prior  to  the  formation  of  the  conglomerate.  This  quartzyte-conglomerate 
appears  to  be  no  other  than  the  southern  rim  of  the  synclinal  of 
which  the  quartzyte  on  the  north  side  of  Teal  lake  is  the  northern 
rim.  While  dipping  in  the  same  direction,  in  general  terms,  the  two 
formations  do  not  dip  conformably.  If  the  detailed  structure  could 
be  known  it  is  probable,  further,  that  faults  would  be  seen  producing 
fiudden  upthrusts  of  the  underlying  formation,  causing  the  apparent 
overlie  of  the  lower  on  the  upper,  as  at  Thessalon. 

Ishpeming.  The  basin  or  synclinal  trough  seen  at  Negaunee  extends 
westward  to  Ishpeming;  and  the  same  general  features  are  seen  there. 


BTAXB   QKOLOQIBT. 


There  is  an  uacoaformable  overlying  quartzyte  which  on  the  nortli 
side  is  aeen  dipping  south  toward  Ishpeming,  and  on  the  south  side 
consists  of  a  conglomerate  in  every  respect  like  that  at  Caacade,  the 
iron  formation  dipping  toward  the  north.  Intermediate  between 
these  rims  lies  the  city  of  Ishpeming,  and  the  mines  (some  of  them) 
penetrate  first  a  great  thickness  of  the  quartzyte  and  then  come  at 
once  upon  the  ore.     This  overlying  quartzyte  appears  in  the  streets 
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of  the  city  and  is  well  known  as  the  "capping"  rock  of  the  ore. 
It  has  been  bored  through  at  a  great  many  places,  and  its  greatest 
thickness,  so  far  as  discovered,  is  near  the  center  of  the  baein,  amount- 
ing to  300  or  400  feet.  It  is  thinner  toward  the  north  and  toward 
the  south,  and  finally  runti  out  entirely  in  those  directions,  the  width 
of  the  trough  being  here  about  three  miles,  or  about  half  as  much  as 
at  Negaunee.  The  synclinal  structure  of  the  valley  is  well  known, 
and  the  quartzyte  is  supposed  by  all  the  mine  operators,  and  by  all 
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geologiBts  SO  far  as  I  have  learned^  to  be  conformable  with  the  rock 
carrying  the  ore. 

The  old  Saginaw  mine,  S.W.  from  Ishpeming  about  three  miles,  is 
a  repetition  in  all  respects  of  the  Bagley  Hill  works  at  Cascade,  and 
the  unconformable  position  of  the  conglomerate-quartzyte  on  the  ore 
can  be  seen  with  even  greater  distinctness  than  at  Cascade, — (rocks 
VM  and  1222).     Fig.  6  was  sketched  here.    It  illustrates  the  situa- 
tion at  one  of  the  easterly  small  openings  in  this  property.    Further 
north  the  quartzyte  rises  considerably  higher  in  rounded  glaciated 
hills.    On  the  northerly  side  of  one  of  these  knobs,  in  lower  ground, 
a  drill  hole  was  made  400  feet  into  this  quartzyte,  in  a  sloping  direc- 
tion toward  the  south,  without  piercing  it.  * 

The  bed  of  overlying  quartzyte  appears  again  about  a  mile  north  of 
Ishpeming,  where  it  causes  by  its  outcropping  edge  a  series  of  low 
hills  that  run  east  and  west  and  dip  toward  the  south.  On  the  south 
side  of  Deer  lake,  where  this  quartzyte  is  cut  by  the  grade  of  the 
railroad,  it  is  reddish  to  purplish,  and  dips  south  at  an  angle  of  50 
degrees.  It  can  here  be  traced  almost  into  contact  with  a  massive-to- 
schistose  greenstone  on  which  it  would  lie  unconformably.  The 
quartzyte  here  is  represented  by  1228,  and  the  greenstone,  which  is 
sometimes  basaltic,  by  1229  and  1230.  This  is  all  on  the  west  side  of 
the  creek  just  below  the  outlet  of  Deer  lake.  On  the  east  side,  on 
either  side  of  the  road  to  Ishpeming,  the  relations  of  these  rocks  are 
further  exemplified.  This  massive-to-schistose  greenstone  becomes 
coDglomeritic  and  rises  abruptly  in  a  hill  at  the  immediate  roadside, 
on  the  north  of  the  road,  to  the  hight  of  about  a  hundred  feet,  while 

• 

JQst  on  the  opposite  side  of  the  road  appear  some  slightly  lower  layers 
of  the  quartzyte  dipping  at  about  the  same  angle  as  on  the  west  side 
'>f  the  creek.  These  lower  layers  are  thinner,  somewhat  slaty, 
glistening  with  hydro-mica  scales,  finer  grained  than  the  bulk  of  the 
quartzyte,  and  comparable  to  the  thin  layers  of  similar  rock  seen 
Ijelow  the  quartzyte  on  the  north  side  of  Teal  lake.  (1234).  They  dip 
helow  a  quartzyte  knob  like  1228,  conformable  with  it. 

This  hill  of  conglomeritic  greenstone,  which  is  situated  just  south 
from  Deer  lake,  was  carefully  inspected,  owing  to  its  likeness  to  the 
schistose  conglomerate  seen  in  the  Vermilion  region  in  Minnesota. 
It  is  illustrated  by  rocks  1225  and  1226,  and  in  all  respects  is  identical 
^ith  the  conglomerate  seen  on  Stuntz  island  in  Vermilion  lake,  as 

•  Major  Brook*  represenU  this  conglomerate  here,  and  at  other  plnces,  as  interbedded  with  the  iron 
formaUon;  and  Dr.  Bomioger  regards  It  un  eonformable  with  the  ore  formntJon.  Wadsworth, 
^•nr,  lus  alladed  to  the  legitimate  conelosion  to  be  drawn  from  this  nnconform ability.  (Notes 
<»  the  geology  of  the  copper  and  iron  districts  of  Lake  Superior,  p.  31). 
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^j|i  described  in  the  fifteenth  annual  report  of  the  survey.     It  is  soft, 

!  I  quartziess,  or  nearly  so,  light  green,  becoming  darker  within,  especi- 

I  ally  when  less  changed  by  age  and  exposure,  spotted  (but  sparingly 

I  here)  with  forms  of  boulders  that  are  of  the  same  stuiBT  as  the  rock 

|i!|!  itself,  fibro-schistose  nearly  vertically,  cut  by  quartz  veins,  and  in 

some  places  porphyritic  with  some  feldspar.     No  bedding  structure, 
such  as  can  be  attributed  to  sedimentation,  can  be  seen  in  the  rock, 
l:;ij;  but  along  the  south  base,  near  the  road,  a  thin-bedded,  even  slaty 

.I;!.;:  structure,  standing:  vertical  can  be  seen,  which  may  be  the  original 

■  ■  'i*'r 

sedimentary  bedding  of  the  formation  through  which  this  as  an  erup* 
i'ijvi  tive  may  have  issued.     This  also  is  a  light  greenish  rock  (1227),  and 

!;J!;.j  were  it  not  that  it  shows  a  markedly  different  structure  which  seems 

to  be  attributable  to  an  original  sedimentary  origin  it  could  easily  be 
classed  with  the  rock  of  the  main  hill  and  considered  a  part  of  it. 
But  there  is  not  a  similarly  abrupt  change  in  the  general  mineral 
characters  of  the  rocks  concerned.  There  is  what  might  be  con- 
sidered a  sericitic  element  pervading  both,  giving  them  a  slippery,  or 
!|};^i  ''talcose"  feel,  and  some  of  the  schist  is  essentially  a  serpentinous 

schist,  and  fragments  from  it  seem  to  be  included  in  the  agglomer- 
ate.      Some  of  the  bands  that  simulate  sedimentary  structure  are 
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,  :ii)i  finely  porphyritic,  and  resemble  the  mass  of  the  rock  of  the  hill.    The 


whole  situation  here  is  such  as  to  show  a  non-conformity  with  the 
quartzyte  across  the  street — whatever  be  the  relations  of  the  schist 
lil;!,  to  the  rest  of  the  hill.     This  hill  is  a  part  of  that  which  has  by  Dr 

ill|;  Romingerbeen  classed  in  his  ^'dioritic  group."     It  seems  closely  con- 

nected with  the  ^'serpentine  group,"  and  indeed  the  writer  without 
much  hesitation  regards  the  two  as  one  group,  the  serpentinous  con* 
dition  prevailing  whenever,   locally,  greater  alteration  has    taken 
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{,  place  in  the  original  rock,  which  was  an  eruptive,   basic  one.     It 

overflowed,  and  mingled  with  the  rocks  of  the  iron-bearing  series  un- 


conformably,  and  where  it  is  now  in  contact  with  them  it  constitutes 
at  least  in  some  places  the  "soapstone*'  and  the  ''chloritic  rock*'   of 
|iK|  the  mines.     Subsequently  the  rocks  of  the  Huronian  were  deposited 

[  I  unconformably  on  the  iron  bearing  and  serpentine  groups,  these  con* 

sisting  of  the  quartzyte,  the  novaculitic  and  the  black  slates.     These 
were  disturbed  by  later  eruptions  and  cut  by  other  dikes. 

Westward  from  Deer  lake,  traveling  toward  the  Ropes  gold  mine, 
this  pebbly  greenstone  continues,  and  appears  in  numerous  outcrops, 
and  in  the  vicinity  of  that  mine  the  rocks  are  nearly  all  serpentinous. 
This  is  five  miles  N.W.  from  Ishpen^ing.  The  quartz  vein  (1283A> 
which  is  mined  for  gold  is  in  an  old,  much  changed  eruptive,  (1238) 
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of  a  greenish  color,  hardly  schistose,  a  part  of  the  same  formation, 
at  least  a  part  of  the  same  formation  as  the  pebbly  greenstone  al- 
ready described  (1225,  1229  and  1230).  The  quartz  was  chemically 
deposited.  It  is  vitreous  and  white,  not  "chalcedonic."  In  the  im- 
mediate yicinity  of  the  mine  the  rock  affords  chemically  deposited 
limestone  (1231)  which  has  been  used  for  flux  in  the  furnaces  of  the 
region.  This  limestone  is  associated  with  a  considerable  magnesian 
element,  since  in  the  cavities  and  veins  are  found  nodules  of  pure 
talc  (1232.)    It  is  crystalline  and  of  a  gray  color. 

Recently  a  valuable  deposit  of  gold  has  been  discovered  on  the  land 
oftbeLake  Superior  Iron  Mining  Company  about  two  miles  south- 
west from  the  Ropes  mine.  This  is  in  the  same  kind  of  silica,  and 
Tery  probably  in  the  same  country  rock. 

At  the  Michigamme  mine^  the  working  is  in  a  magnetic  quartz 
schist,  the  ore  being  represented  by  1238.  This  graduates  into  jasper 
and  hematite,  the  whole  dipping  S.  and  apparently  lying  on  a  diory te 
which  rises  m  a  prominent  range  running  E.  from  the  mine.  At  a 
little  farther  east  this  horizon  of  ore  is  a  ferruginous  laminated 
qoartzyte,  still  dipping  south,  away  from  the  diory  te;  still  further 
east,  and  a  little  further  north,  it  dips  in  the  opposite  direction,  in- 
deed dips  in  nearly  all  directions,  some  of  it  being  nearly  horizontal, 
appearing  as  a  dark  micaceous  and  garnetiferous  (?)  quartzyte  up- 
heaved by  the  underlying  dioryte  which  rises  in  isolated  hills  in  dif- 
ferent places.  Still  further  north,  about  half  way  toward  the  gran- 
ite range,  are  several  such  isolated  crags  of  dark  quartzyte,  most  of 
them  dipping  about  66°  toward  the  south— 1245  and  1246.  This 
quartzyte  is  cut  by  dikes  of  this  dioryte. 

At  the  granite  range,  which  lies  about  a  mile  north  of  Michigamme, 
A  gray,  somewhat  gneissic  quartzyte,  comes  directly  in  contact  with 
the  granite.     This  granite  (1240j  is  red,  and  very  siliceous.     The 
i^dge  rises  about  150  feet,  and  at  the  southern  base  a  gray,  coarse, 
fragmental  quartzyte  forms  a  crooked  contact  with  it.     It  is  not  easy 
to  see  which   overlies.      A  lot   of  coaglomeritic   pebbles  of   white 
quartz  are  stuck  on  the  south  face,  which  dips  at  an  angle  of  about 
^  south.     But  these  may  not  have  been  conformably  stratified  with 
the  quartzyte,  but  due  to  the  quartzyte  having  abutted  on  the  granite. 
At  the  contact  there  is  abundance  of  quartz  disseminated  through 
the  granite  as  shown  by  the  specimen  1240  which  was  got  3  feet  from 
the  contact  on  the  north  side.    The  visible  contact  line  is  about  ver- 
tical, but  dips  80""  north,  as  if  the  quartzyte  ran  under  the  granite. 
There  is  also  some  feldspathic  material  disseminated  from  the  contact 
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southward  through  the  first  six  inches  of  the  quartzyte.  Compare 
1241,  1242,  1243  and  1244.  The  quartzyte  takes  a  gneissic  structure 
near  the  contact. 

At  another  place,  a  little  further  east,  the  contact  is  such  that  it 
appears  to  show  that  the  quartzyte  lies  on  the  granite.  Time  was 
not  sufficient  to  make  further  examination  as  to  which  rock  here  is 
the  older. 

At  Marquette.  Passing  along  Bluff  street  northward  toward  Light- 
house point,  one  occasionally  sees  outcrops  of  a  greenish  schist  stand- 
ing up  nearly  vertical  and  apparently  forming  the  foundation  rock  of 
the  drift-covered  bluff  that  rises  on  the  left.  Near  the  extremity  of  the 
bluff,  not  far  from  the  lake  shore,  at  the  saw  mill,  this  schist  appears 
slightly  in  the  road  (1147),  and  although  a  part  of  the  general  forma- 
tion of  the  country  at  Marquette  it  has  some  exceptional  features 
which  ally  it  with  the  serpen tinous  rocks  at  Presqu'lsle  and  at  Deer 
lake.  These  features  are  believed  to  be  due  to  a  more  advanced  stage 
of  decay.  It  is  a  silky,  hydromicaceous  or  talcose,  rock,  without 
apparent  bedding  but  fibroschistose  about  east  and  west.  It  appears, 
under  the  hand  glass  as  if  the  fine  grain,  of  which  it  entirely  consists, 
might  be  fine  ''  chalcedonic  *'  silica,  but  on  being  scratched  it  is  seen 
to  be  too  soft,  giving  easily  a  white  streak.  The  rock  is  slaty- 
schistose  but  not  slaty,  and  has  a  pinkish  tint  outwardly.  It  is 
translucent,  in  thin  scales,  and  is  veined  with  chemical  quartz.  It 
passes  in  a  short  interval  by  insensible  gradations  through  1147A. 
which  is  the  same  as  1147  but  with  some  felspathic  aggregations,  as 
if  porphyritiC)  somewhat  greenish,  to  11476,  which  is  apparently  a 
much  altered,  old  eruptive  fine  agglomerate,  recalling  the  rocks  seen 
westward  from  Deer  lake  to  the  Ropes  mine,  a  part  of  the  serpentine 
group  of  Rominger  and  the  equivalent  of  the  Stuntz  island  ag- 
glomerate of  the  Vermilion  region.  A  little  further  east  is  an  outcrop 
of  a  rough-looking  eruptive  rock  with  twining  coarse  fiowage  struc- 
ture, that  extends  to  the  water's  edge. 

Northward  from  this,  along  the  lake  shore  and  extending  to  the 
extremity  of  Lighthouse  point,  is  a  greenish,  nondescript  rock.  On 
first  view,  owing  to  a  banding  and  lining  that  somewhat  resembles 
that  of  sedimentary  structure,  this  rock  might  be  considered  as  a 
fragmental  one,  and  so  the  writer  was  disposed  to  regard  it,  at  first, 
but  on  taking  a  more  extended  view  of  the  general  geology  and  also  a 
more  careful  inspection  of  the  rock  itself,  he  is  inclined  to  consider  it, 
and  all  the  rocks  on  Lighthouse  point,  as  probably  of  eruptive  origin, 
and  a  part  of  the  **  dioritic  group^*  of  Rominger,  which  apparently 
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cannot  be  separated  genetically  nor  geographically  from  the  serpentine 
groap.  There  are,  unquestionably,  diorytes,  and  eruptive  diabasic 
rocks  of  later  date  than  these  rocks,  and  some  of  them  may  occur 
within  the  same  areas,  but  these  old  "diorytes"  that  are  marked  by 
so  much  decay  and  that  probably  underlie  the  black  slates  and  cer- 
tainly underlie  the  great  quartzytes  unconformably,  constituting  a 
part  of  the  "  iron-formation  "  proper,  are  considered  by  the  writer  to 
belong  to  an  older  epoch  of  widespread  eruption,  one  that  seems  to 
have  preceded  immediately  the  epoch  of  the  Huronian.  The  same  suc- 
cession of  great  rock-masses  seems  to  have  taken  place  in  northeastern 
Minnesota  and  has  been  alluded  to  in  the  15th  annual  report  of  the 
survey,  p.  381. 

The  strike  of  these  schistose  rocks  on  Lighthouse  point  is  10°  W. 
of  N.  (mag.),  and  the  structure  stands  at  an  angle  of  80°  from  the 
horizon,  dipping  northerly.  The  whole  point  on  which  the  light- 
hoose  stands,  enclosing  the  harbor  on  the  south  side  is  made  up  of, 
and  caused  by,  a  congeries  of  fractured  parts  of  this  greenish  schist 
with  later  dikes  of  doleryte  and  belts  of  quartz  porphyry.  This  later 
doleryte  constitutes  nearly  one-half  of  the  hill  where  the  lighthouse 
stands,  but  it  swells  out  and  recedes  very  irregularly,  forming  unex- 
pected bosses,  and  allowing  the  schist  to  take  its  place  again. 

This  greenish  schist,  which  in  some  places  is  very  firm  (1144)  and 
only  shows  a  fibrous  grain  on  weathered  surfaces,  is  heavy,  dark 
within,  free  almost,  or  entirely,  from  original  quartz.  On  its  weath- 
ered surface  its  structure  is  indicated  by  bands  of  varying  shades  of 
green,  and  in  its  seams  it  glitters  with  hydro-mica.  These  bands  of 
color  are  not  continuous,  but  consist  rather  of  an  interrupted,  nar- 
row, striping  in  which  the  color  lines  become  lost  by  running  to 
needle-shaped  points,  or  by  fading  into  each  other.  The  single,  light- 
colored  lines  sometimes  continue  for  only  a  few  feet,  or  a  few  inches; 
and  in  some  cases  when  narrow  they  rise  and  disappear  in  the  space  of 
less  than  an  inch,  bringing  the  darker  lines  into  contact  so  as  to  pre- 
sent the  aspect  of  a  nearly  homogeneous  green  rock.  At  the  same 
time  in  some  places  they  are  not  direct,  but  have,  when  fine,  a  fiuidal 
waving  toward  the  north  or  toward  the  south.  In  other  places  again, 
and  particularly  on  the  northwest  extremity  of  the  point,  the  striping 
which  resembles  that  of  sedimentation  is  more  evident  and  persistent, 
and  in  some  parts  could  be  more  correctly  denominated  a  banding, 
some  of  the  bands  being  irwo  or  three  inches  in  width — but  even  then 
they  lose  their  identity  in  ten  or  twelve  feet,  and  give  place  to  a  finer, 
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schJBtO'fibrouB  lining.     The  feldspathic  element  is  gray,  and  eridei 
some  plagioelase. 

The  reddish  rock,  or  qnartz-porphjry,  No.  1146,  is  not  conin 
Besides  a  conspicuous  dike  of  it  od  the  shore  southeast  from  the  lij 
house  (whether  dike  or  not)  there  is  a  patch  of  it  near  the  wate 
the  extremity  of  the  point;  and  on  the  north  side  of  the  point 
nearly  conformable  narrow  bed.    This  last  runs  thirty-five  feet 
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is  visible  all  the  way  and  at  both  ends.  It  rans  out  to  sharp  points 
and  vanishes  in  the  green  rock  in  the  same  way  that  the  granite,  of 
thin  beds,  does  in  the  gneiss  and  mica-schist  at  the  northwest  end  of 
Yermilion  lake.  There  is,  however,  here  no  gradual  interchange  of 
minerals  between  the  two  rocks,  or  successional  gradation  toward 
each  other,  but  the  porphyry  appears  abruptly,  as  an  individual  rock, 
quite  different  from  the  rock  of  the  point,  and  maintains  its  mineral 
character  even  into  the  narrow  points  at  each  extremity.  This  bed 
is  about  a  foot  wide  near  the  middle  and  reddish,  but  at  the  points  it 
is  more  like  a  gray  quartzose  layer,  (1146A).  It  is  about  35  feet  long, 
and  appears  conformable  except  that  it  swells  out  and  again  dwindles. 
This,  ho  we  very  is  seen  in  all  the  beds  of  the  schistose  greenstone;  see 
figure  7. 

ExpUtnaUon  of  Figure  7. 

Thin  sketch  represents  the  relatiODs  of  the  differeDt  dikes  to  the  rock  of  the 
country,  on  the  south  side  of  Lighthouse  point,  a  little  to  the  west  of  the  light- 
house. 

• 

1144  Is  the  schistose  rock  of  the  country,  having  a  structure  running  nearly  east 
and  west.  At  the  place  marked  A  is  an  indistinct  north  and  south  banding  or 
striation  on  the  surface  of  the  schist,  due  to  the  existence  of  some  siliceous 
veinings  that  do  not  wear  away  as  easily  as  the  rest  of  the  rock.  This  transverse 
fine  veining  is  represented  by  1144  A.  It  has  no  important  significance  other  than 
that  there  has  been  exerted  on  the  formation  a  force  that  produced  an  incipient 
fracturing  and  a  fibrous  internal  arrangement  nearly  at  right  angles  to  that  which 
is  seen  generally  in  the  prevailing  rock.  At  various  places  in  1144,  especially 
4oath  of  the  lighthouse,  there  appear  to  be  minor  unconformities  within  the  rock. 
The  fiber,  running  in  one  direction,  is  cut  off  by  a  compacter  rock,  though  not 
diatinguishable  otherwise  from  the  rest  of  1144,  that  has  its  fiber  perhaps  finer 
than  the  other  and  running  in  a  slightly  different  direction.  Sometimes  whole 
hands,  an  inch  or  two  wide,  are  thus  crowded  out  by  the  encroachment  of  others. 
These  little  irregularities  are  no  greater  than  are  seen  sometimes  in  eruptive  rocks, 
such  as  that  figured  on  Stuntz  island  in  Vermilion  lake,  in  the  report  of  last  year, 
DOT  are  they  very  different  from  that  which  is  known  as  false  bedding  in  sedi- 
mentary rock.  The  non-conformity  of  the  rock  1146  (quartz  porphyry)  with  the 
rock  1144  is  about  of  this  kind,  though  in  other  places  it  is  non-conformable  with 
1144  more  abruptly,  even  existing  as  blocks  embraced  in  it.  On  the  north  side  of 
the  point  the  schist  (1144)  while  more  conspicuously  banded  east  and  west,  and 
more  persistent  in  all  its  structure,  is  strikingly  basaltic  by  joints  running  north  and 
south,  causing  a  columnar  aspect,  resembling  that  been  in  the  eruptive  rock  at 
Taylor's  Falls  on  the  St.  Croix. 

1146  is  a  reddish-gray  quartz  porphyry,  already  mentioned.  It  evidently  is  a 
part  of  the  same  formation  as  the  schists,  and  if  not  of  the  same  origin  it  has  very 
nearly  the  same  age  since  it  is  cut  by  all  the  later  dikes.  North  of  the  lighthouse 
this  rock  has  its  greatest  development.     In  addition  to  the  narrow  dike  already 
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mentioned  is  another  which  intersects  the  point  east  and  west,  cutting  off  a  por- 
tion which  is  separated  from  the  main  part  of  the  point  by  a  gorge  caused  by  its 
more  rapid  disintegration.  This  more  rapid  disintegration  is  not  because  of  the 
softer  grain  of  this  porphyry,  but  is  caused  by  the  close  jointage  which  cuts  it  into 
blocks  that  are  separated  by  frost  and  roll  down  to  the  lake.  This  dike  is  best  ex- 
amined NW.  from  the  lighthouse  near  the  water  heel.  The  dike  of  1146  shown 
in  the  sketch  is  cut  longitudinally  by  a  straggling  dike  of  another  sort  (1145A). 
On  the  north  side  of  the  point,  near  where  the  vanishing  dike  of  quartz  porphyry 
occurs,  is  a  dark  dike  (1145B)  probably  of  the  same  age  as  1145A,  about  a  foot 
wide,  mainly  conformable  but  vanishing  in  the  same  way  in  indeterminate  points. 
(I145A)  gradually  works  southward,  in  passing  through  1146,  and  at  the  east  leaves 
it  entirely  and  enters  1144. 

1145  is  the  latest  of  the  eruptives  of  the  point.  It  cuts  all  the  others  and  its  con- 
tact is  a  plane  running  N.  and  S.  It  forms  a  large  part  of  the  most  elevated  por- 
tion of  the  point,  and  spreads  irregularly  and  apparently  occupies  several  Assures 
that  run  across  each  other. 

By  examining  the  dikes  of  different  rock  cutting  this  point  the 

succession  of  steps  that  gave  them  origin  seems  to  be  as  follows: 

1.  The  schist  is  the  oldest  rock.  (1144). 

2.  The  quartz  porphyry  was  introduced.  (1146). 

3.  The  dikes  1145 A  (and  perhaps  1145B)  were  introduced. 

4.  The  great  north  and  south  dikes  were  formed  (1145).  There  is 
confusion  in  the  direction  and  areas  of  these  latest  dikes.  There 
seems  to  have  been  a  tumultuous  breaking  of  the  rocks,  and  an  out- 
pouring of  the  molten  matter  wherever  fractures  occurred  and  allowed 
its  escape. 

THE  GOQEBIO  IRON   REOIOK. 

A  cursory  examination  was  made  of  some  of  the  mines  in  the 
Gogebic  iron-  region  in  order  to  be  able  to  compare  the  features  of  the 
rocks  and  the  manner  of  occurrence  of  the  ore  with  the  iron-bearing 
rocks  of  the  Vermilion  iron  range,  and  some  rock-samples  were 
collected  for  future  microscopic  comparisons. 

The  Colby  Mine,  At  the  Colby  mine  the  average  dip  is  about  60^ 
toward  the  north,  10""  west.  There  is  apparent  no  hanging  wall  or 
foot  wall  except  the  rock  of  the  country,  and  that  is  a  thin-bedded 
siliceous  rock  which  itself  is  almost  ore  in  some  places,  because  of  the 
high  degree  of  ferruginization.  This  siliceous  material  is  jasperoidal 
and  distinctly  bedded  exactly  like  the  bedding  of  sedimentation.  The 
base  of  it  all  is  apparently  a  fine  "  chalcedonic  "  silica,  the  same  as 
that  of  the  jaspilyte,  though  in  some,  or  many,  of  the  beds  it  is  a 
softer  material  which  may  be  earthy.  When  the  latter  is  stained 
they  call  it  **paint  rock.*'     But  it  is  not  the  **  paint  rock**  or  "soap- 
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stoQe"  that  is  derivable  from  tbe  eruptives  as  at  the  Cleveland  mine. 
Samples  No.  1256  represent  three  of  the  forms  of  rock  that  alternate 
with  each  other  forming  the  country  rock  that  constitutes  the  north 
wall  in  the  Colby  mine.  The  south  wall  of  the  south  Colby  mine 
consists  of  a  crumbling,  coarsely  granular,  siliceous  sandstone  (1257), 
the  grains  being  sub-angular  after  disintegration.  In  some  places  it 
M  firm  and  correctly  bears  the  name  of  quartzyte.  It  is  stained, 
locally,  with  much  or  little  iron,  and  with  manganese.  The  *'  silici- 
fication*' process  seems  here  certainly  to  have  produced  fragmental 
silica,  and  subsequently,  being  interrupted,  to  have  been  followed  by 
the  process  of  ferruginization,  which  stained  this  sandstone  with  iron 
and  manganese,  sometimes  almost  constituting  it  an  iron  ore.  It  is 
not  possible  to  say  this  ferruginization  is  a  secondary,  or  rather  a 
third,  step,  later  than  the  general  ferruginizing  process,  and  that  this 
qnartzjte  has  acquired  tbe  iron  by  reason  of  the  accidental  contiguity 
since,  for  the  quartzyte  graduates  into  the  rock  of  the  mine,  the 
acquired  substances  (iron  and  manganese)  being  the  same  as  in  the 
real  ore.  The  general  circumstances  of  the  situation  will  not  allow 
of  such  a  separation. 

About  250  feet  further  north  is  an  opening  known  as  the  North 
Colby.    This  is  a  long  deep  pit,  where  the  iron  has  been  worked  out 
Superficially,  and  timbered  shafts  are  being  prepared  for  deeper  mining. 
On  the  spur-track  from  the  Colby  to  the  Valley  mine  is  a  short  cut 
^O  siliceous,  greenish  and  yellowish  slate,  now    largely  ferruginous. 
This  is  sometimes  earthy,  like  some  seen  at  the  Colby  mine,  but  it  i» 
^€ry  siliceous  with  "chalcedonic '*  silica,  some  of  it   being  almost 
'•tholly  white,  although  the  prevalence  of  hydro-mica,  and  perhaps  of 
^ther  fine-grained  mineral  particles  intimately  disseminated  through 
^he  siliceous  parts  gives  a  greenish  color  to  even  the  hardest  and  most 
<)Qartzose  parts  of  this  rock.     This  dips  so  as  to  conform  to  the  rock 
in  the  Colby  mine,  and  probably  lies  under  the  foot-wall  of  the  South 
Colby.    The  full  thickness  of  the  bedding  here  involved,  making  al- 
lowance for  the  oblique  direction  in  which  the  road  goes  across  it,  is 
about  250  feet.     See  rock  125S. 

At  the  Valley  mine  the  working  is  all  under  ground.  Numerous  test 
pits,  and  two  shafts  have  been  sunk,  striking  rock  and  ore  similar  in 
all  respects  to  the  rock  and  ore  of  the  Colby  mine,  except  as  yet  noth- 
ing is  to  be  seen  of  the  coarse  sandstone  which  lies  as  the  foot-wall  of 
the  South  Colby. 

In  a  ditch  by  the  side  of  the  railroad  track  at  Bessemer  is  a  smalt 
^iposnre  of  the  bottom-conglomerate  of  the  Cupriferous.     It  contains 
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namerous  pebbles  of  quartz  and  of  fine  porphyry  like  the  coppc 
bearing  conglomerate  at  the  Calumet  and  Hecla  mine.  The  dip  ca 
not  be  made  out  as  the  exposure  is  small,  and  the  pebbles  rath 
evenly  distributed  throughout  the  whole.  This  conglomerate  mc 
lie  in  unconformity  on  the  Gogebic  iron-bearing  rocks,  and  if  it 
the  equivalent  of  the  conglomerate  at  Negaunee  (Cascade)  as  it  a 
pears  to  be  (see  p.  — ),  it  indicates  the  greater  age  of  the  Huronii 
qiiartzyte  (the  N.  T.  Potsdam  sandstone)  than  the  Cupriferous  form 
tion — t.  e.,  than  the  greater  part  of  the  Cupriferous,  since  the  Gupr 
erous  strikes  east  and  west  near  Bessemer,  forming  a  conspicuo 
range  of  hills  of  eruptive  rock  but  about  a  mile  further  north,  tl 
dip  being  such  as  to  cause  it  to  overlie  this  conglomerate. 

The  Aurora  mine^  at  Ironipood,  has  a  sandstone,  or  a  soft  quartzyt 
rather  coarse,  identical  with  that  on  the  south  wall  of  the  Sou 
Colby  mine,  for  its  south  or  foot-wall. 

At  the  Aurora  mine  an  interesting  observation  was  made  on  tl 
**  granite  **  which  forms  a  low  hill-range  a  short  distance  south  of  tl 
mine,  and  its  manner  of  contact  with  the  rocks  lying  just  north. 

The  low  granite  range,  which  has  been  mapped  as  Laurentian  I 
the  Wisconsin  geologists,  rises  about  fifty  feet  above  the  mine,  mi 
lies  south  from  the  mine  about  six  hundred  feet.  The  section  • 
strata  intervening  between  the  mine  and  the  granite  range  is  ma 
up  about  as  follows,  in  southward  (and  descending)  order: 

1.  Iron  ore,  soft  hematite.    100—150  feet. 

2.  Sandstone  (sometimes  a  quartzyte),  about  15  feet  seen. 

3.  Gray  and  greenish  slates  and  quartzytes,  in  beds  from  half  an  inch  to  fc 
and  six  inches ;  distinctly  sedimentary,  580  feet. 

4.  Qray  quartzyte  like  that  of  No.  3. 

5.  Granite ;  hornblendic  and  massive. 

The  sandstone  (No.  1)  forms  the  south  wall  of  the  Aurora  mic 
The  quartzytes  and  slates  (No.  2)  are  not  all  exposed  at  the  mine,  b 
at  the  Colby  mine  a  section  of  250  feet,  in  a  connected  exposure,  C] 
be  seen  along  the  spur-track  west  o{  the  mine.  About  100  feet 
similar  strata  are  visible  at  the  Aurora  mine.  Samples  1261.  It 
partly  assunif  d,  therefore,  that  the  whole  interval  of  580  feet  consis 
of  the  same  rock  as  seen  at  the  northern  and  southern  limits, 
seems  to  be  a  part  of  the  Aniniike  slates  and  quartzytes. 

The  granite  (No.  5)  is  a  hornblende-granite.     Sample  1260. 
rises  in  rounded  bosses  and  forms  three  separate  low  bluffs  or  hi] 
ranges,  each  about  15  feet  higher  than  the  next  one  further  nort 
The  rock  itself  contains  boulder-forms  of  different  rock  from  the  ma 
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of  the  granite,  some  of  them  being  of  some  dark-colored  greenstone- 
like  rock,  and  others  of  some  earlier  granitic  rock.  The  great  mass 
of  the  granite  is  mainly  homogenous,  and  these  boulder-forms  appear 
most  distinctly  on  the  weathered  surface  of  the  bluff.  When  these 
boulder-masses  were  not  originally  of  greenstone  they  are  apparent 
by  a  blotched  aspect  which  the  granite  presents,  the  blotches  being 
caused  by  some  patches,  of  rounded  outline,  much  finer  grained  than 
the  rest,  or  by  a  marked  difference  in  the  relative  amounts  of  feldspar 
and  quartz  compared  to  the  same  minerals  in  the  most  of  the  granite. 
The  boulder-forms  are,  when  distinguishable,  from  two  or  three 
inches  in  diameter  to  twelve  inches.  Their  longer  axes  lie  prevailingly 
in  the  same  direction,  but  sometimes  they  have  lost  their  first  shape 
and  have  been  drawn  out  into  points  in  one  or  more  directions,  or 
have  been  a  little  distorted  by  unequal  pressure.  ^ 

This  granite  also  has  a  uniform  rift,  or  grain,  brought  out  by  the 
constant,  or  prevalent  elongation  of  the  hornblende  crystals  in  the 
direction  about  E.  &  W.  The  boulders  have  their  longer  axes  in  the 
same  position.  It  appears,  therefore,  that  originally  this  granite  was 
some  conglomerate,  which  has  been  plastic  or  fiuid-like. 

At  the  most  southerly  of  the  three  low  bluffs  of. this  granite,  each 
of  which  faces  toward  the  north,  the  granite  can  be  seen,  on  the  north 
side,  to  lie  upon,  of  at  least  alongside  of  a  gray  quartzyte.  (1261). 
There  is  an  abrupt  and  simple  contact  line,  and  a  sudden  transition 
between  them. 

About  25  feet  further  north  is  the  second  low  northward  facing 
bluff  of  granite.  It  here  looks  as  if  the  granite  had  been  a  molten 
rock  and  had  flowed  unconformably  over  the  quartzyte,  the  dip  of 
which  cannot  here  be  ascertained. 

The  third  low  outcrop  of  the  granite  is  about  ten  feet  lower  than 
the  last,  and  about  30  feet  further  north.  In  the  north  face  of  this 
little  bluff,  not  more  than  six  feet  high,  is  observable  the  contact 
seen  in  "  Fig.  2  "  of  fig.  8.  Here  the  granite  is  unconformable  on, 
and  embraces  pieces  and  tongues  and  slabs  of  the  gray  quartzyte 
and  quartzyte  slates  (1262).  This  quartzyte-slate  is  fine-grained, 
banded  by  sedimentation,  and  light-greenish  weathering.  It  is 
greenish-gray  within.  Sample  1262.  At  one  point  in  this  little  bluff 
is  a  small  area  of  granite  surrounded  by  crumpled  and  broken  portions 
of  the  slate.    So  at  least  it  appears  on  the  face  of  the  bluff,  but  this 

*9irai:ftr  chftngefl  from  conglomerates  to  gceiss  are  meutloDed  by  Dr.  E.  Hitchcock  in  Vermont,  in 
Am.  Jour.  Set ,  («),  xxxi,  372. 
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isolated  granite  area  ia  only  snperficial  and  doubtless  was,  and  perhaps 
is  atill.  united  with  the  main  granite  masB, 

These  three  little  bluffs,  running,  so  far  aa  the;  have  apparent  ex- 
tension, in  the  same  direction,  do  not  conform  in  their  trend  with  the 
direction  of  strike  of  the  bedded  rocks  that  intervene  betneen  them 
and  the  Aurora  mine.  They  vary  from  it  about  SO  degrees,  as 
illustrated  in  "Fig.  1  "  of  fig.  8. 

The  interpretation  of  these  facts,  and  their  bearing  on  the  atrate- 
graphic  problems  that  relate  to  the  horizon  of  the  iron  ore  of  the 
Qogebic  range  seem  to  warrant  the  following  conclusions : 

Ist.  The  granite  acts  the  role  of  an  eruptive  rock,  but  was  originally 
a  conglomerate.  It  was  so  far  molten  or  plastic  that  it  fiowed  over 
the  adjoining  sedimentary  strata,  but  not  so  completely  fused  as  to 
have  rendered  the  resultant  granite  entirely  homogeneous. 

2nd.  The  accompanying  beds  of  sedimentary  rock  being  a  perfect 
lithologic  representative  of  the  qnartzytes  and  slates  of  the  lower  part 


Fig.  8.    Plat  and  section  at  the  Aurot'a  mine. 
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of  the  Animike,  this  conglomerate  can  be  parallelized,  stratigraphi- 
<^ally,  with  the  Ogishke  conglomerate  of  Minnesota  in  which  have 
been  seen  (Fifteenth  annual  report,  and  later  in  this  report)^  similar 
«emi-fased  conditions,  producing  porphyries,  syenite  and  porphyritic 
^conglomerates. 

3rd.  The  horizon  of  the  ore  of  the  Gogebic  range  is  probably  that 
of  the  Animike  rocks. 

4th.  The  granite  is  not  of  Laurentian  age,  but  is  younger  in  its 
present  condition  than  the  Animike  slates,  though  originally  a  con- 
glomerate  older  than  those  slates. 

Bx]fianation  of  Fig,  8. 

The  upper  porticn  (Fig.  1)  shows  the  ground  plan  of  the  rocks  south  from  the 
Aurora  mine. 

The  lower  portion  (Fig.  2)  shows  the  overlie  of  the  granite  on  the  quartzyte— 
looking  south,  upon  a  low  bluff  facing  north. 

At  the  Iron  King  mine  the  following  information  was  obtained  of 
foreman  Lehman.  Five  shafts  have  been  sunk,  two  on  the  south 
'"vein,"  and  three  on  the  north,  'fhose  in  the  south  ore-bed  are  said 
io  furnish  ore  that  ''has  too  much  manganese;"  but  those  on  the 
north  deposit  furnish  a  superior  soft  hematite.  The  ore,  after  the 
«haft  penetrated  the  '*  cap  rock,"*  widened  out  to  eighty  feet,  and  runs 
•east  and  west.  The  rock  intervening  between  the  ore-beds  is  not 
•exactly  known,  but  the  walls  of  the  north  deposit  are,  quartz  on  the 
«outh  and  ''paint  rock*'  on  the  north  and  extending  north  from  the 
ore  forty  or  fifty  feet,  where  it  becomes  black  slates.  Between  the 
two  ore-beds  is  quartzyte,  jasper  and  sandrock,  mixed,  judging  from 
«urfac6  outcrops,  the  distance  between  the  north  and  south  ore  de- 
posits being  about  four  hundred  feet.  ^The  jasper  is  "not  good  red 
jasper,  but  gray  to  black -like,  or  flinty.*'  The  ore  in  the  south  bed  is 
60  to  100  feet  wide,  and  "no  regular  hanging  has  been  struck;"  but 
no  great  development  has  been  done  there  because  there  seemed  to  be 
«ome  trouble  with  the  ore.  It  is  not  known  what  the  foot  or  hanging 
may  be  on  the  south  bed  of  ore. 

About  a  mile  east  of  the  Iron  King  mine  a  deep  drill  was  being 
made  in  the  '^  black  slate"  which  overlies  all  the  mines,  and  runs  ap- 
parently in  an  east  and  west  belt  next  north  of  the  line  of  the  ore  de- 
posits.   This  slate  is  shown  by  samples  1263. 


•Tb«  ImportBd  t«rm  '*eap  roek,"  probablj  ootdm  from  the  miners  of  the  coal  measares,  and  it  hat 
•o  dcAAit«  applieatloo  ooralgiiflcaDcetn  the  mining  of  iroa  sach  as  fonnd  in  the  lake  Saperi)rre- 
^kw.  It  !•  need  at  a  conTenient  deeignation  for  anj  rock  that  overlies,  or  obseores,  the  chief  ore  de- 
tkroifh  which  a  shaft  paMes  before  reaching  the  ore. 
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At  the  First  National  mine  the  same  general  geological  facts  seem 
to  exist.  There  are  what  are  knowa  as  the  soath  ''vein,"  and  the 
north  "vein."  These  are  simply  conformable  beds  in  the  general 
system  or  series  of  strata  which  for  some  reason  are  now  highly 
changed  and  charged  with  hematite,  or  hematite  and  manganese, 
and  sometimes  (especially  further  west)  with  magnetite,  in  variable 
proportions.  There  is  the  intervening  series  of  strata  that,  while  not 
ore,  yet  are  so  charged  with  iron  that  some  portions  consist  of  lean 
ore,  known  as  jasper,  quartz,  sandrock,  slate  rock,  etc.    There  is  the 

• 

quartzyte  foot  wall  on  the  south  side  of  the  south  ore-bed,  and  the 
soap-rock  and  black-slate  on  the  north  from  the  north  ore-bed. 

Visits  and  short  examinations  were  made  at  several  other  Gogebic 
mines,  especially  such  as  are  open  pits  without  much  underground 
mining,  such  as  the  Montreal,  Eakagon,  Bourne,  and  the  Atlantic, 
but  nothing  was  seeu  that  would  throw  further  light  on  the  general 
geology  or  the  relations  of  the  ore  to  the  crystalline  rocks  of  the 
northwest.  A  trip  to  the  Penokee  gap  was  made  by  Prof.  A.  Winchell^ 
and  his  report  thereon  will  be  found  in  another  chapter. 

FROM   GRAND  KARAIS  TO   GUNFLINT  LAKE. 

From  Grand  Marais  to  the  crossing  of  the  Devil's  Track  river, 
sec.  32,  62-1  E,  not  a  single  exposure  of  the  underlying  rock  is  to  be 
seen  along  the  usual  trail  running  to  Rove  lake.  The  country  i» 
timbered  with  deciduous  trees  mainly,  but  with  some  scattering  cedar, 
balsam  and  white  pine.  The  whole  intervening  belt  is  fit  for  farm- 
ing and  will  ultimately  be  occupied  by  farmers.  The  drift  sheet  is  not 
superficially  stony  so  as  to  impede  plowing.  At  about  a  fourth  of  a 
mile  north  of  the  Little  Devil's  Track  river  was  a  patch  of  potatoes 
and  cori).  Large  timothy  grass  grows  along  the  roadway  (Aug.  2&, 
1887)  and  is  cut  and  stacked  for  hay. 

At  about  a  mile  north  of  the  crossing  of  the  Devil's  Track  the  red- 
rock  of  the  cguntry  is  crossed  by  a  narrow  belt  of  trap  about  half  a 
mile  wide,  rising  about  15  feet  above  the  rest  of  the  country  and 
trending  W.  N.  W.  and  stopping  on  the  north  side  in  the  form  of  a 
perpendicular  face.  On  the  north  of  this  the  country  is  drift-covered 
again,  but  has  a  superabundance  of  red*rock  boulders,  verging  to  red 
granite,  and  an  occasional  one  of  sandstone. 

The  descent  to  Clearwater  creek,  on  the  N.E.  i  of  sec.  20,  62-1  E, 
is  about  130  feet,  and  a  marked  topographic  feature  is  the  hill,  or 
ridge,  known  as  "Birch  ridge,"  which  here  presents  a  bold  face 
toward  the  north  of  about  that  hight.    This  ridge  seems  to  run  across 
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«ec.  S0»  and  along  the  south  side  of  Clearwater  lake,  which  is  the  lake 

crossed  by  the  line  between  sees.  19  and  20.     The  Clearwater  creek, 

running  from  Clearwater  lake,  is  a  small  affair,  but  has  very  cold 

^ater,  meandering  through  a  cedar  swamp.*     Elbow  creek  is  larger* 

They  both  run  over  a  rather  smooth  drift  surface,  about  ten  feet 

below  the  average  level.     A  low  trap  exposure  is  seen  about  in  the 

N.E.  i  of  sec.  9y  62-1  E,  and  boulders  of  trap  and  gabbro  are  seen  in 

the  N.£.  part  of  sec.  17.     This  outcrop  is  rather  fine-grained  and 

somewhat  porphyritic,  but  resembles  much  seen  on  the  lake  Superior 

shore.    When  weathered  it  assumes  a  brownish-green  color.     There 

is  but  a  slight  exposure,  the  surface  being  in  general  drift-covered, 

and  merely  undulating,  with  timber  mostly  fire-killed.      About  an 

eighth  of  a  mile  south  of  the  town  line,  in  the  N.  W.  i  of  sec.  3,  62-1 

£,  we  crossed  a  little  southeastwardly  running  creek.    This  is  near 

the  south  foot  of  what  is  here  known  as  Pine  mountain,  so  named 

because  it  was  formerly  covered  with  pine.      It  now  presents  a  bald, 

rocky  outline,  with  only  the  charred  remnants  of  the  original  forest. 

At  the  place  of  our  camp  (Aug.  27)  just  south  of  the  creek,  a  low 
ndge  of  fine-grained  gabbro  (or  a  greenstone)  1264,  runs  parallel 
vith  the  direction  of  the  creek  forming  its  southern  barrier,  but  this 
ridge  is  not  continuous.  It  rises  and  falls,  wholly  disappearing  to- 
wards the  N.W.  It  is  evidently  one  of  the  minor  ranges  of  hills  that 
Atteud  mountain  elevations  generally,  and  consists  of  the  same  rock 
as  Pine  mountain. 

Pine  mountain  is  evidently  only  a  local  name  for  a  part  of  an  im- 
portant hill-range.  This  range  can  be  seen  toward  the  west  two  or 
three  miles  distant,  and  presents  the  outline  of  eruptive  dike-formed 
huttes  in  some  of  its  individual  hills.  It  seems  to  be  the  same  that  I 
met  with  on  this  town  line  not  far  east  of  here  in  18791  and  is  in  gen- 
eral known  as  the  Brule  mountains.  » 

South  from  this  trap  ridge  (mentioned)  the  country  is  red  in  some 
places  with  the  debris  of  red-rock  drift  and  chips,  exactly  like  the  red 
shiugle  on  the  Grand  Marais  beach,  making  it  probable  that,  with 
amall  exceptions  where  the  basic  eruptive  rock  breaks  through,  this 
i^d  rock  underlies  the  drift  to  this  place.  But  there  is  so  much  drift 
that  the  actual  areal  distribution  of  these  two  rocks  cannot  be  ascer- 
tained with  any  degree  of  minuteness. 

*  Th«  ootltl  of  Clearwater  lake  Is  repreMoted  on  the  township  piats  as  being  toward  the  eoath  into 
^^v^%  Track  lake,  hot  Domlniek  says  there  is  no  sach  trlbntanr  to  that  lake,  and  that  its  outlet  is 
^Mtward  and  then  southeastward. 

tTbe  prasant  Roto  lake  road  is  new,  only  made  about  two  years  ago,  and  while  it  coincides  in  some 
PliCM  with  the  old  road,  at  this  place  they  are  nearly  a  mile  separate. 
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On  the  top,  where  the  trail  goes  over  this  range,  no  rock  is  visible. 
Much  drift  covers  it,  but  the  trees  are  fire -killed.  South,  25''  W.,  can 
be  seen  a  square-topped  mountain  which  Dominick  says  is  Cascade 
mountain,  near  the  mouth  of  Cascade  river. 

After  passing  the  main  hill,  from  which  lake  Superior  can  be  seen, 
but  where  there  is  no  rock  in  outcrop,  a  lower,  bare  hill  can  be  seen 
a  little  to  the  north  of  the  main  range,  conical  in  shape  (S.  E.  i,  sec. 
33,  63-1  E.)  and  having  the  color  of  the  rocks  of  the  Misquah  hills 
(1265).  Several  similar  hills  occur  near,  but  they  are  mainly  drift- 
covered. 

The  Brul6  mountains  which  seem  to  be  largely  composed  of  thi» 
red  rock,  are  well  named. 

Such  hills  of  red  rock  continue  a  distance  northward,  and  the 
whole  country  is  composed  of  such  rock,  which  is  easily  disintegrated 
by  the  fires  and  the  elements  so  as  to  cover  the  surface  with  thin 
gravelly  soil,  as  far  north  as  the  southern  part  of  sec.  4,  63-1  E. 
About  six  miles  distant,  in  the  direction  toward  Greenwood  lake,  but 
to  the  S.  W.  from  that  lake,  a  bare,  red  peak  of  greater  hight  can  be 
seen.  Beyond  Greenwood  lake,  and  rising  much  higher,  is  a  long  E. 
and  W.  hill  covered  with  green  timber,  which  Dominick  calls  Oreen- 
wood  mountain^  It  seems  to  be  a  part  of  a  general  range  of  similar 
hills,  and  is  probably  a  portion  of  the  true  (gabbro)  Mesabi. 

The  Brule  river  occupies  a  very  deep  and  broad  valley,  running  in 
the  red  rock  along  here,  afc  least  through  T.  63-1  E.  The  rock  itself 
is  not  frequently  exposed,  but  the  soil,  and  debris  resulting  from  its 
disintegration,  and  frequent  boulders,  or  fragments,  are  composed 
of  it. 

There  is  a  marked  difference  in  the  manner  of  weathering  of  this 
red  rock,  and  the  ordinary  gabbro.  The  latter  never  turns  red,  bui 
crumbles  down,  maintaining  its  earthen  gray  color.  Large  boulders 
of  it,  seen  along  here,  decay  through  and  through,  and  pass  into  soil, 
through  a  pebbly  condition.  Where  they  lie  on  the  red  rock,  thus 
crumbled,  they  present  an  appearance  of  little  loads  of  gravel  dumped 
— wheelbarrow  loads,  or  wagon  loads,  according  to  the  size  of  the 
original  boulder.  But  the  red  rock,  in  all  boulders,  and  all  debris,  is 
red,  brick-red;  and  in  situ  it  is  superficially  brick-red,  and  brownish- 
red  within  to  any  depth  so  far  as  ever  observed.  This  brownish-red 
color  is  probably  due  primarily  to  the  presence  of  a  large  amount  of 
orthoclastic  feldspar,  and  it  prevails  through  all  its  de&;rees  of  fine- 
ness, from  felsyte  to  red  granite.  When  this  rock  is  coarser  crystal- 
line it  sometimes  acquires  a  tendency  toward  a  gray  color,  due  to  the 
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presence  of  more  free  quartz,  some  hornblende,  and  apparently  of 
some  plagioclase,  the  red  orthoclase  crystals  being  disseminated  more 
or  less  sparsely  through  it.  It  then  seems  to  grade  into  a  rock  which 
has  been  designated  sometimes  a  dioryte.  Such  a  Tariation  in  color 
was  noticed  just  before  reaching  the  crossing  of  the  S.  Brule. 

There  is  a  low,  narrow  ridge  of  gabbro-like  rock,  crossed  by  the 
trail  in  sec.  4,  63-1  E;  but  north  of  that  the  red-rock  returns  and 
and  continues  to  the  centre  of  sec.  19,  64-1  E.  It  is,  however,  covered 
with  a  coarse  drift  of  large  boulders  consisting  of  gabbro,  porphyry, 
red-rock  and  amygdaloidal  trap;  and  in  sees.  30  and  29,  64-1  E,  this 
kind  of  drift  is  heaped  up  in  morainic  tumuli.  These  accumulations 
run  in  diverse  directions,  the  larger  number  of  the  boulders  being  of 
the  red  rock.  At  the  crossing  of  the  N.  Brul^,  and  south  from  there, 
are  many  porphyry  masses,  and  many  amygdaloidal  boulders.  These 
porphyries  are  sometimes  stellar,  in  the  manner  of  arrangement  of  the 
crystal  tables,  with  a  dark  matrix;  but  sometimes  a  mass  appears 
which  is  crowded  with  tabular  crystals  (1265A)  from  one  to  three 
inches  in  length,  and  not  more  than  an  eighth  or  a  quarter  of  an  inch 
in  thickness,  also  with  a  dark  (basic  ?)  matrix.  Some  masses  are  both 
porphyritic  and  amygdaloidal.  In  studying  these  boulders,  in  making 
the  passage  along  the  trail,  one  can  note  easily  an  increasing  tendency 
toward  dioritic  characters — that  is  an  increase  in  non-red-weathering 
feldspar,  greater  size  of  the  individual  crystals,  dark  homblendic 
crystals  mingled  with  schillerized  surfaces,  and  occasionally  note- 
worthy quantities  of  scattered  magnetite  or  menaccanite. 

There  is  north  of  the  North  Brul6  much  *' orthoclase  gabbro*' 
among  these  boulders,  that  is  a  dark,  coarsely  crystalline  rock  with 
some  red-weathering  element,  the  conspicuous  minerals  being,  besides 
the  red  feldspar,  a  white  feldspar,  magnetite  (or  menaccanite),  long 
crystals  of  hornblende  and  some  quartz.  The  red  element  here  some- 
times is  not  crystalline,  but  is  in  disseminated  blotches  of  amorphous 
felsitic  matter.  This  felsitic  matter,  which  seems  to  act  the  part  of 
the  undifferentiated  residuum  of  the  molten  mass,  is  disseminated 
through  the  otherwise  dark  gray  or  dark  green  rock.  One  large 
boulder  in  particular  lies  in  N.E.  i  of  sec.  19,  64-1  E,  andfrom  this 
was  taken  samples  No.  1266.  This  boulder  is  specked  with  red  feld- 
spar, but  has  also  some  plagioclase  that  does  not  take  a  red  color,  but 
rather  becomes  snowy  white  on  weathering.  Blotches  of  red  felsitic 
matter  are  scattered  over  its  outer  surface,  some  of  them  being  six 
and  even  ten  inches  in  diameter,  and  through  these  blotches  run 
strings  and  coarser  crystals  of  hornblende.     It  also  contains  some 
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quartz  and  magnetite.  Within,  this  boulder  does  not  maintain  its 
red  color,  but  appears  like  a  heavy,  dark  (dioryte  ?).  In  the  immediate 
vicinity  are  a  great  many  boulders  of  the  same  kind,  making  it 
probable  that  their  native  place  is  not  far  away.  They  are  curiously 
and  coarsely  specked  on  the  weathered  exterior.  The  red  spots  are 
non -crystalline,  apparently,  but  are  cut  and  crossed  indiscriminately 
by  all  .the  crystals.  The  largest  and  most  abundant  are  of  some 
white-weathering  feldspar,  next  the  hornblende,  then  magnetite,  then 
quartz. 

But  a  short  distance  beyond  (north)  where  these  specked  boulders 
lie,  the  same  rock  is  seen  in  place.  It  occurs  as  an  irregular  dike  or 
blotch  elongated  about  east  and  west,  and  on  the  north  it  has  the  red 
rock  in  contact.     1268. 

Rock  1267  represents  a  frequent  form  of  amygdaloidal  porphyry 
seen  south  of  the  North  Brul^  in  the  form  of  boulders. 

The  red  'rock,  north  of  the  contact  above,  is  variously  modified  by 
different  degrees  of  crystallization,  but  extends  about  20  feet  north 
and  gives  place  to  a  belt  of  greenstone,  which  itself  is  again  replaced 
by  1266,  though  the  last  here  shows  much  more  white-weathering 
feldspar,  and  less  of  the  red  uncrystalline  matter.  Rock  1266  con- 
tinues about  ten  rods,  but  at  the  summit  of  the  ridge,  near  the  north 
side  of  sec.  19,  64-lE,  the  underlying  rock  is  more  fine-grained, 
though  essentially  the  same  as  1266.     It  is  represented  by  1269. 

It  seems  possible  to  trace  here  a  gradual  transition  from  the  red- 
rock  to  the  eruptive  rock  1269,  and  to  1266. 

These  latter  are  apparently  forms  of  the  dioryte  that  lies  on  the 
animike  hills  further  east,  and  which  is  interbedded  with  the  slates  and 
quartzytes  of  that  formation. 

As  we  approach  Crocodile  lake  (which  is  in  the  southern  half  of 
sec.  8,  64-lE.)  on  the  portage  from  Round  lake,  a  small  outcrop  of 
Animike  rock  appears  near  the  lake,  but  a  little  further  east  large 
areas  of  (gabbro?)  form  the  shore  and  rise  in  bluffs  from  the  water. 

On  the  portage  from  Bear  Skin  lake  to  Cariboo  lake  (N.  i  of  sec  5, 
64-lE.)  in  a  small  boulder  of  Ogishke  conglomerate,  which  is  rather  far 
east  for  drift-transport  from  any  point  at  which  this  conglomerate  is 
known  in  situ. 

The  high  hill  just  to  the  east  and  on  the  south  side  of  the  narrows 

of  Rove  lake,  situated  north  from  the  center  of  sec.  28,  65-lE.  was 

named  ML  Reunion^  from  the  fact  that  here  (i.  e.  at  the  Narrows) 

my  party  met  again,  according  to  appointment,  that  of  my  brother, 

after  having  been  separated  about  a  month. 
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North  from  the  north  side  of  North  lake,  nearly  in  a  line  due  north 
from  the  north  end  of  the  portage  from  South  lake  to  North  lake, 
begins  a  trail  that  leads  to  Northern  Light  lake.  At  a  little  less  than 
a  mile  from  North  lake,  on  this  trail,  a  very  light-colored  micaceous 
gneiss  is  found,  forming  low  hills.  The  weathered  surface  shows  that 
there  is  a  large  ingredient  of  feldspar,  but  on  a  fractured  surface  the 
grains  are  nearly  all  glassy,  as  if  it  consistpd  of  nearly  all  quartz. 
This  pseudo*siliceous  appearance  is  due  to  the  glassy  nature  of  the 
white  feldspar.    All  the  grains  are  fine.    (1270.) 

Between  the  lake  shore  and  this  gneiss  is  one  outcrop  of  dark  trap 
rock;  and  numerous  fragments  of  the  red  and  flinty  beds  of  the  Qun- 
flint  series  indicate  the  rocks  that  intervene  between  the  trap  and  the 
gneiss  in  situ  in  the  intervening  belt,  but  of  the  latter  no  actual  out- 
crop was  seen  on  this  hasty  excursion. 

No.  1271  is  oolitic  bloodstone,  or  red-brown  jasper,  one  of  the  forms 
of  the  Onnflint  beds.  This  is  heavy  with  hematite.  It  also  was 
brecciated,  and  now  holds  angular  fragments  of  rock  like  itself.  It  is 
also  finely  crystalline,  appearing  like  No.  866A  seen  on  the  '*  south 
ridge"  at  Tower,  where  the  jaspilyte  appeared  to  have  been  fused  and 
then  to  have  taken  on  a  sub-crystalline  structure  from  a  fragment 
foand  on  the  surface. 

The  rapids  going  out  from  North  lake  are  caused  by  beds  of  Ani- 
mike  and  basaltic  hardened  Animike  1272.  The  strike  of  the  latter, 
looking  like  trap,  is  visible  about  20  rods  east  of  the  rapids  under  the 
water  of  the  lake,  but  rising  nearly  to  the  surface. 

No.  1273,  dense  blackened  trap,  just  west  of  the  rapids  last  men- 
tioned, north  side.  A  short  distance  further  west  appears  No.  1274, 
a  firm  mica-gneiss,  similar  to  No.  1270.  The  trap  must  lie  upon  the 
gneiss  (1274),  which  is  in  outcrop  a  short  distance  further  west. 

ABOUT  GUKFLINT  LAKE. 

On  the  north  shore  of  Ounflint  lake,  about  a  mile  west  of  the  en- 
trance of  the  river,  this  trap  (gabbro?)  lies  on  a  series  of  slates  and 
flinty  beds,  the  upper  part  of  the  series  being  changed  apparently  by 
the  gabbro.  No.  1275  is  from  the  upper  part  of  the  gabbro  here 
seen.  It  is  made  up,  macroscopically,  of  a  gray  plagioclase,  and  a 
dark  mineral,  probablv  augite.  These  two  seem  to  constitute  the 
bulk  of  the  rock,  and  it  is  with  difficulty  and  much  uncertainty  that 
any  other  mineral,  except  a  rare  grain  of  magnetite,  can  be  distin- 
j:gai8hed  under  the  hand-glass.  It  is  thus  quite  different  from  the  rock 
9 


W  SIXTSENTH  ANBUAL  EBPOBT 

1266  and  1269,  The  nnderlying  sedimentary  beds  are  slaty  and  flinty, 
interstratified.  Some  of  the  strata,  near  tbe  oTerlying  trap-sheet,  are 
plainly  modified  by  the  heat  of  tbe  snperincumbent  mass.  No.  1276 
represents  such  a  modified  form  of  the  Ganfiint  beds,  and  1277  shows 
the  flinty  character  of  some  of  these  beds.  The  former  is  from  be- 
tween beds  of  black  thin  sheets  of  horizontal  slate,  some  of  the  lat- 
ter adhering  on  each  side  of  the  specimen.  It  is  composed  essentially 
of  pieces  and  granules  of  a  dark  gray,  apfaanitic  rock  varying  in  size 
from  that  of  a  pin-bead  to  peas,  or  larger,  closely  compacted  together, 
but  cemented  in  the  interstices  by  a  glassy  mineral  that  appears  to  be 
free  quartz,  the  general  aspect  being  that  of  a  dark,  basic,  dense 
diabnse  specked  with  minute  white  spots. 

About  half  a  mile  further  west,  on  the  north  shore,  where  the  bluff 
ceases,  and  a  bay  extends  toward  tbe  north,  the  trap  lies  directly  on 
the  slates,  with  little  flint,  and  with  little  modification  of  the  slaty 
beds — Fig,  9.  The  trap,  howerer,  is  rendered  black  and  rery  fine- 
grained at  the  bottom  and  for  some  space  npward^-say  six  feet^— bnt 
graduates  into  rock  the  same  as  1275  at  the  top,  making  a  basaltic 
capping  orer  the  slates,  timtlar  to  that  at  the  ea$t  end  of  South  Fowl 


Fig.  9.    Oabbro  sheet  lying  on  Animike  slate. 


BTATE  OKOLOGIST.  07 

iike,*  bat  DOt  OD  SO  magnificent  a  scale;  and  the  traosition  seems  to 
Im  u  aadden.  This  bluff  is  about  60  feet  bieh.  The  dip  is  3.  E., 
font  or  fire  degrees.  There  are  continnoas  sheets  of  flint,  trans- 
laceDt  like  obsidian,  interbedded  in  the  slates.  But  this  does  not 
gndaste  into  the  trap  although  at  first  surmised  to. 

Neir  the  month  of  the  creek  which  enters  Gunflint  lake  ^om  the 
nottb,  at  the  east  end  of  the  long  ba^,  is  an  exposure  of  a  dark- 
colored  fibroDS  schist  (1278),  evidently  belonging  to  a  different  forma- 
tion—the Kewatin  series  of  Mr.  A.  G.  Lawson  of  the  Canadian  geo- 
logical tarrey.  This  is  nearly  vertical  in  its  general  structure,  or  dips 
U*— 68°  north,  and  the  strike  is  E.  &  W.  (true).  This  is  fine  and  ap- 
psrently  hydromicaceons  and  softens  under  the  weather.  It  embraces 
enbea  of  pyrite.  In  the  midst  of  this  schist  appears  rock  1279,  some- 
vbit  like  «  dike,  whieh  is  coarser-grained,  sub-porphyritic  with  feld- 
■pithie  grains  that  weather  pinkish,  is  rery  siliceous,  fibrous  in  the 
■UK  direction  as  the  schist,  and  mns  about  parallel  with  its  prevalent 
ttroctare.  Intimately  disseminated  through  this  snb-porphyritic  rock 
trt  fine  scales  of  a  micaceous  element,  appearing  like  mnscovite  but 
perhifis  of  the  same  nature  as  the  finer  micaceous  scales  of  the  schist. 
TbeH  ire  so  arranged  as  to  their  direction  as  to  impart  a  schisto- 
IDeisdc  structure  to  the  whole  rock. 

This  exposure  is  interesting,  being  the  most  eastern  known  locality 
of  the  Eewatin  rocks  in  Minnesota,  and  only  about  20  rods  distant 
fnm  some  horizontal  states  of  the  Animike,  which  lie  but  little 
further  south  in  such  a  position  aa  to  be  necessarily  nnconformsble 
OTfir  the  Kewatin. 

Bnt  a  abort  distance  further  west  gubbro  appears  at  the  lake  shore 
u>  ■  ibort  ezposnre,  and  rises  inland. 

Apin,  a  few  rods  further  west,  appears  rock  1280,  a  part  of  the 
^witin  series,  apparently  an  old  eruptive.  Gabbro  rises  high  in  a 
ri^fe immediately  inland.  This  older  eruptive  ( ?)  is  apparently  sim- 
■Iwtothe  dioryte  and  serpentine  group  of  Dr.  C.  Rominger,  seen  in 
the  northern  peninsula  of  Michigan,  and  perhaps  is  stratigraphically 
n»T  the  same  horizon. 

^nt  adjoining  this  old  eruptive  rock,  is  a  larger  outcrop  of  Ke- 
•>tin  strata,  with  gabbro  lying  on  it.  It  is  a  gray,  compact,  felsitic 
'  fwl!,  veathering  reddish,  1281.  It  is  marked  east  and  west  by  very 
"ident  sedimentation  bands,  the  strata  standing  about  vertical,  the 
"pect  resembling  that  of  a  transition  to  "red-rock"  seen  on  the 
£**i!hiwi  last  yesr.    This,  however,  is  quite   another  "red  rock" 
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from  that  seen  south  from  Crocodile  lake  last  week.  That  was  very 
evidently  crystalline  from  a  molten  condition,  but  this  retains  its  sed- 
imentary structure,  and  could  have  been  only  plastic.  This  grayish, 
fine,  felsitic  rock,  which  is  not  sericitic,  becomes  hydromicaceous  and 
glistening,  or  is  replaced  by  such  a  rock,  a  little  further  west,  and  then 
it  is  lamii^ated  as  if  by  a  fluidal  structure,  the  lamina)  being  curved  and 
contorted  about  large  quartz  grains  that  are  enclosed  in  the  mass. 
Whether  these  quartz  grains,  which  have  the  vitreous  structure  of 
chemically  pure  quartz  and  are  not  fragniental,  are  indigenous  to  the 
rock,  originally  porphyritically  generated,  or  were  the  result  of  coarse 
sedimentation,  it  is  difficult  now  to  say.  They  are  sub-angular,  but 
are  frequently  elongated  east  and  west,  in  concordance  with  a  direc- 
tion of  the  laminss  (1282). 

This  pebbly  (or  porphyritic)  structure  increases,  further  west,  and 
the  rock  becomes  firm  and  more  massive,  rising  in  vertical  cliffs  about 
40  feet  at  the  shore,  constituting  a  porphyritic  gneiss,  the  quartz 
grains  becoming  more  abundant  and  larg3r  and  being  accompanied  by 
large  crystals  of  white  feldspar,  (1283).  While  here  the  laminated 
structure  is  broken  up  and  lost  there  is  substituted  a  concordant 
fibrous  and  gneissic  rift  pervading  the  rock,  1283  (compare  Nos.  309, 
310  and  311,  report  for  1880).  Interbedded  with  this  gneiss  is  argil- 
litic  slate,  1284-5. 

There  is  a  green,  fibrous  rock  also  seen  here,  same  as  1280,  which 
may  have  resulted  from  change  in  a  basic  eruptive,  which  is  inter- 
bedded with  this  porphyry  and  argillyte.  It  is  in  thick,  conformable 
beds.  It  goes  down  deep  and  belongs  to  the  same  series  of  strata.  It 
is  not  in  the  form  of  an  overflow. 

Making  a  traverse  north  from  Gunflint  lake  at  about  half  a  mile 
west  from  the  mouth  of  the  river  that  enters  from  North  lake,  un- 
questionable gneiss,  like  that  already  mentioned  (1270  and  1274),  is 
met  with  at  about  a  mile  and  a  half  from  the  lake  shore,  at  a  hight 
from  eighty  to  one  hundred  feet  above  the  lak^.  The  object  of  the 
trip  was  to  see  the  changes  that  may  take  place  in  the  Eewatin  to- 
ward the  north,  and  to  learn  the  nature  and  relations  of  the  iron  ore 
said  to  exist  north  of  Gunflint  lake.  It  proves  an  interesting  section, 
which  warrants  the  following  general  statements : 

1.  All  the  iron  ore  we  find  is  in  the  Animike  and  near  the  bottom 
of  those  beds.  It  is  not  magnetic,  so  far  as  seen  here,  but  limonitic 
through  change,  though  probably  hematite  (with  more  or  less  mag- 
netite) at  first.  The  rock  with  which  it  is  connected  is  quartzyte, 
even   pebbly   quartzyte — or   a  rusty,  pebbly  conglomerate.     It   lies 
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about  three-fourths  of  a  mile  from  the  lake  and  strikes  east  and  west. 
Portions  of  the  rock  are  flinty  and  jaspery.  We  passed  a  low  ridge 
(not  more  than  five  feet  high)  in  the  midst  of  the  forested  country, 
and  had  no  favorable  opportunity  here  to  observe  this  ore  (312,  1294, 
1295). 

2.  This  formation  (the  Animike)  is  not  seen  hero  in  exact  super- 
position on  the  Eewatin,  but  all  the  facts  seen  warrant  the  conclu- 
sion that  has  before  been  announced,  that  the  two  formations  are 
discordant.*    It  is  probable  that  the  pebbly  conglomerate,  which  is 
in  some  places  rather  a  breccia  than  a  conglomerate,  separates  them. 

3.  But  a  short  distance  further  north  the  Kewatin  appears,  dipping 
south  at  an  angle  of  about  80  degrees.  It  is  made  up  of,  (1),  schist 
somewhat  siliceous,  but  with  a  silvery  sericitic  element  running 
all  through  it,  1296;  (2)  a  coarse  sericitic  porphyry  like  No.  1281, 
1297;,  (3)  soft  chloritic  schist,  1298.  These  are  all  interbedded,  and 
belong  to  the  same  system  of  stratification,  although  it  is  very  proba- 
ble that  the  greenish  schist  above  called  chloritic,  is  originally  of 
eruptive  origin  among  the  Eewatin  sediments.  This  is  seen  in  some 
places  in  lenticular  beds,  and  embraces  chemical  quartz  veins.  Gen- 
erally, however,  it  runs  great  distances  nearly  or  quite  coincident  with 
the  bedding  and  strike  of  the  other  strata. 

4.  About  a  quarter  of  a  mile  further  north  a  great  change  takes 
place.  The  bedded  Eewatin  is  confused  and  twisted,  and  though  still 
showing  the  same  rocks,  is  largely  replaced  by  a  micaceous  and  horn- 
blendic  rock  (1299,1300)  which  itself  appears  also  like  a  part  of  the 
conformable  sedimentation.  It  is  comparable  to  the  micaceo-horn- 
blendic  portion  of  the  Eewatin  which  in  the  report  of  last  year  was 
designated  Vermilion  gronp.t  It  lie«  on  all  sides  of  all  the  above 
varieties  of  the  Eewatin  proper,  and  also  embraces  some  black  hard- 
ened argillyte.  In  this  dark-green  belt  the  included  **  porphyry  *'  is 
more  nearly  all  crystalline.  At  a  short  distance  further  north  the 
change  to  gneiss  (1301)  is  complete,  or  so  nearly  complete  that  there 
ap|>ear  in  it  only  a  few  blackish-green,  stretched  or  pressed,  boulders 
and  rarely  a  nearly  white-weathering,  highly  siliceous  fine-grained 
s\'enitic  band,  running  east  and  west,  unifornf  in  direction  with  the 
general  strike  of  all  the  rocks.  Even  in  this  gneiss  the  same  **  por- 
phyritic"  distribution  of  quartz  and  feldspar  is  observed.  The  feld- 
spar weathers  out  in  sub-angular  grains  on  the  surface,  and  all  the 
minerals  have  an   elongation   east  and   west.     This  syenite-gneiss 


•  Tht  Nintb  Annakl  Beport,  p.  8*2. 
:Ftfl«cnth  annual  report,  p.  4. 
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Tariea,  through  change  in   the  hornblende,   to  granitic-gneias  and 
chlorite-gneiae.    At  the  poiot  reached  fsrthest  north  it  is  micaceou. 

5.  We  thus  have  a  conformable  transition  from  the  Kewatin 
chanffed  graywackes  and  argillytes  to  the  gneiss  and  syenite  of  the 
Laurentian,  without  any  sign  of  eruptive  origin  of  the  latter,  the 
whole  maintaining  a  dip  and  strike  in  the  same  direction,  the  former 
being  about  80°  from  the  horizon  and  the  latter  about  east  and  west. 

A  trap  dike  (1303)  cuts  these  beds,  running  from  the  syenite  sonth 
And  passing  through  the  Vermilion  group,  or  the  mica-bom  blende 
belt.  It  is  24  feet  wide.  The  advent  of  this  rock  is  much  more 
recent,  and  it  maintains  a  massivo,  undecayed  internal  constitation. 

Making  a  closer  inspection  of  the  rocks  of  the  Vermilion  group  at 
this  point,  they  are  found  to  extend  north  and  south  abont  fifteen 
rods.  There  is  certainly  a  conformable  transition  from  the  Kewatin 
to  this,  which  is  chiefly  mica  schist,  at  least  superficially.  At  some 
4]epth  within  the  rock  perhaps  there  would  be  found  a  greater  propor- 
tion of  hornblende,  since  it  seems  that  the  mica  results  from  the 
natural  decay  of  the  hornblende.  The  inter-bedded,  light-colored 
rock  is  the  gray  "  porphyritic  "  rock  of  the  lake  shore,  bat  has  some 
micascales.  Ttactsheremucbliketheso-called  "dikes"  ofgneisstbat 
are  interstretified  with  the  Vermilion  group  or  mica  schists  north  of 
Vermilion  lake.  It  fades  out  by  very  slow  transitions  into  the  mica 
echtst,  and  it  also  is  replaced  abruptly  by  it.  It  runs  to  needle- 
shaped  points  and  vanishes  conformably  in  the  darker  rock.  If  it  is, 
hence,  eruptive,  then  this  porphyritic  rock  everyvhere  is  eruptive, 
and  also  the  schist  into  which  it  graduates  at  the  lake  shore.  Rock 
No.  1304  shows  a  blending  of  the  charncters  of  the  mica  schist  with 
those  of  the  rock  that  shows  the  porphyritic  characters.  The  belt 
from  which  this  came  is  about  ten  inches  wide,  and  such  are  nnmerooB 
in  the  schists.  Indeed  there  can  be  seen  almost  ever;  kind  of  transi- 
tion and  every  direction  of  gradation  between  the  schist,  the  hom- 
blendic  rock  and  the  porphyritic  and  gneissic  rock.  They  all  occur 
as  strings  and  as  isolated  portions  in  each  of  the  others.  There  are 
belts  of  coarsely  bomblendic  rock  that  alternate  several'  times  in  the 
mica  sehjst,  coofonnably  with  the  strike,  but  the  former  are  confused, 
lumpy  und  uncertain.  They  may  have  been  basic  eraptives  in  tlie 
sedimenta  of  the  Kewatin  at  the  time  of  their  accumulation,  and  so 
jt  Approximately  eonformable  to  the  sediments. 
feiltg  was  made  on  the  town  line  extended  north 
between  towns  65-1  and  6S-S,  W. 
Itlce  Capt.  Sedgwick,  of  Chicago,  is 
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haying  sarvejed  oat  a  long  tract  of  land  on  the  north  side  of  Gun- 
flint  lake.  It  is  four  or  five  miles  long,  and  from  a  half  mile  to  a  mile 
in  width,  and  is  said  to  be  done  on  account  of  the  prospects  of  iron 
ore  on  the  north  shore  of  the  lake.  Not  far  west  of  the  sand-beach, 
which  is  at  the  east  end  of  the  lake,  but  on  the  north  shore,  the  Ani- 
mike  rises  up  from  below  the  water,  and  from  below  a  thin  sheet  of 
trap,  and  is  exposed  about  2^  feet  above  the  water.  It  evidently  was 
once  covered  entirely  by  gabbro,  aincu  that  rock  is  seen  immediately 
overlying,  at  the  same  place.  Here  is  an  interesting  exhibition  of  the 
gray  rock,  so  much  resembling  some  gray  quartzyte,  of  which  men- 
tion has  been  made  in  earlier  reports.  It  is  very  fine-grained^  but 
while  it  embraces  quartz  it  also  contains  a  considerable  percentage  of 
feldspar,  or  feldspathic  material ;  but  the  most  of  the  two  feet  seen  is 
blotched  and  variously  stained  gray  and  rusty..  A  film  of  fine  rusty 
rock  coats  over  much  of  the  gray  rock,  such  as  has  been  the  cause  of 
much  perplexity  as  to  its  origin  and  manner  of  formation  ever  since 
it  was  first  seen  in  1878.*  There  seems  to  be,  however,  a  natural 
chemical  round  of  changes  which  gives  origin  to  this  film,  the  initial 
point  being  the  existence  of  carbon  in  the  slates  of  the  Animike. 
These  gray  layers  are  associated  with  thin  carbonaceous  slates.  The 
two  make  the  bulk  of  the  Animike  beds. 

Given  a  black,  shaly  or  carbonaceous  rock. 

Exposed  to  the  air  the  tarbon  is  oxidized  and  slowly  forms  carbonic 
acid. 

This  carbonic  acid  at  once  combines  with  some  base,  whatever  may 
be  present,  or  any  oxide,  such  as  magnetite  (which  is  found  present  in 
the  Animike  here),  making  a  carbonate.  In  case  iron  is  present  it 
forms  siderite  which  has  also  been  found  in  these  beds  in  noticeable 
quantities.  This  carbonate  may  be  deposited  in  pre-existing  cavities 
and  veins,  under  the  guidance  of  percolating  water,  or  it  may  be  sub- 
stitnted,  particle  for  particle,  for  magnetite  in  the  body  of  the  rock, 
and  thus  be  found  to  permeate  the  formation  in  somewhat  the  same 
manner  that  the  oxide  does  now. 

This  carbonate  of  iron  is  unstable,  and  immediately  sufifers  the 
further  attack  of  oxygen,  making  a  quick  transition  to  peroxide  of 
iron,  and  even  to  hydrated  peroxide.  Hematite  and  limonite  would  be 
the  next  step,  and  the  last,  these  being  perfectly  stable  except  under 
the  operation  of  mechanical  forces,  or  in  the  presence  of  some  other 
acid.  The  carbonated  state  is  least  observable,  both  as  to  the  time  it 
requires  and  the  space  its  product  occupies.    Indeed  the  transition 

•  SUdiiepart;  p.S2. 
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may  be  so  rapid  that  the  carbonated  stage  is  invisible,  and  the  carbon 
of  the  shales  itself  may  appear  to  act  directly  on  the  magnetite  con* 
verting  it  to  the  hydrated  limonite. 

There  are  three  stages,  and  they  are  all  visible  at  numerous  places,, 
and  sometimes  in  the  same  bed  of  the  Animike. 

The  first  stage  is  black  and  carbonaceous  (see  Nos.  299,  1263  and 
1305). 

The  second  stage  is  gray;  sometimes  it  effervesces  freely.  It  i» 
compact  and  fiijie  in  grain  and  generally  brittle.  (See  Nos.  312,  and 
1306,  1307  and  1310). 

The  third  stage  is  rusty  red  with  limonite.  (See  Nos.  312,  437,. 
1307). 

This  progressive  change  seems  to  take  place  in  the  slates,  where 
there  is  probably  some  piagnetite  which  partakes  in  the  formation  of 
a  carbonate.  Thus  by  the  aid  of  carbonic  acid  magnetite  is  converted 
to  hematite  and  limonite,  and  this  may  have  affected  large  bodies  of 
ore. 

Iron  sand  appears  on  the  beach  at  the  east  end  of  Gunflint  lake. 


Fig.  10. 

The  above  sketch  (fig.  10)  illustrates  an  outcrop  on  the  north  side 
of  Gunflint  lake,  near  the  lake  shore,  about  on  sec.  13  (if  the  United 
States  system  of  survey  were  extended  to  the  Canadian  shore),  at  the 
east  side  of  a  little  bay  which  has  a  sandy  beach.  Here  is  one  of  the 
iron  localities  of  the  Sedgwick  location.  The  ore  here  is  apparently, 
of  very  variable  quality,  some  of  it  being  a  high  grade  magnetite- 
(1308),  but  so  far  as  seen  in  limited  quantities.  It  is  associated  with, 
the  flinty  schist  of  the  Animike,  and  with  a  rock  (1309)  which  re- 
sembles the  olivinitic  ore  seen  last  year  on  the  north  shore  of  Birch 
lake.  Fig.  10  shows  a  mass  of  gabbro  lying  next  north  of  a  hill  of 
Animike  slates,  and  rising  less  high  than  the  slates.  Such  relative 
positions  of  these  two  could  be  repeated  at  various  other  places  about 
Gunflint  lake.  The  gabbro  here  does  not  seem  to  be  interbedded  in 
the  slates  and  schists,  but  to  lie  on  them  unconformably.  The  top 
of  the  Animike  rocks  seems  to  have  formed  a  zigzag  line,  caused 
either  by  a  series  of  short  faultings,  breaking  the  strata  so  as  ta 
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pnwst  perpendicular  clifis  facing  north,''  or  by  erosion.  Orer  these 
blnffs  the  gabbro  flowed,  and  covered  the  conntry.  This  overflow 
tetm  to  have  followed  immediately  after  the  deposition  of  the  slates 
o(  tbe  Animike,  and  to  have  been  partly  cotemporary  with  it,  aiace 
it  IB  interbedded  with  them  in  some  places.t 

ilong  the  N.W.  shores  of  Ounflint  lake  are  great  qaantities  of 
rmty  rook  interbeded  with  fliut,  the  two  alternating  in  somewhat 
itregnliT  and  lenticular  masses  or  sheets.  This  rosty  rock,  some- 
timei  designated  qaartzyte,  in  evidently  the  same  that  is  associated 
with  the  ore  at  1308  and  1309,  and  is  s  form  of  the  so-called  "  musco- 
Tido"  rock.  Mach  of  this  is  in  loose  fragments,  and  some  of  it  is 
brecciated  and  recemented  by  the  rasty  rock  as  a  matrix.  Compare 
1310,1311. 

Some  modified  forms  of  the  Aoimike  constitute  the  "muscovado  " 
rock,  of  the  report  of  last  year.  This  is  seen  just  west  of  the  "nar- 
mws "  of  Ganflint  lake  (1313),  where  the  same  rock  is  magnetited. 

The  trap  in  Animikie  bay  graduates  into,  or  alternates  with  gabbru, 
md  ilso  becomes  coarsely  porphyritic,  the  large  gray  plagioclase  crya- 
tili  being  embraced  in  a  medium-grained  mass,  which  last  has  acicular 
.  (feldiparfc?). 

The  iron-bearing  part  of  the  Animikie,  seen  on  the  south  side  of  the 
point  south  of  Black  Fly  bay,  is  a  quartz,  and  flint  and  jasperoid 
Khitt(1315).  It  is  very  siliceous,  but  still  associated  with  the  "mus- 
I  corado"  rock.  It  has  a  curious,  fine,  fluidal  or  streamed  structure, 
ud  the  white  silica  is  chalcedonic.  It  is  nearly  horizontal,  or  tilted 
semewhat  in  diverse  directions,  fragmental,  sometimes  pebbly.  It  in 
fine,  lometimes  with  bands  of  red  jaspilyte,  and  sometimes  with  con  - 
•ideiible  magnetite. 
I  Karth  of  this,  as  if  underlying  it,  is  a  bluff  of  slaty  Aoimike: 
and  across  the  bay  next  north,  is  the  Syenite  range  (1316),  without 
an;  Eewatin  intervening.  This  indicates  either  that  the  Eewatiii 
wholly  changed  to  syenite  (Laurentian  ?)  or  that  the  Eewatin  bed^ 
eonspicuous  on  the  lake  shore  a  few  miles  further  east,  mid 
'Ktending  for  half  a  mile  north  of  it,  run  below  the  Animike  as  they 
)!  toward  the  west.     Either  hypothesis  would  demonstrate  the  noa- 

lity  of  llie  Animike  on  the  Kewalin 
Tht  aytaitic  gneiss  on  the  north  aide  of  Black  Fig  bay  (1316)  u  like 
it  iieen  north  from  the  Kewatin  and  Vermilion  groups,  on  the  traverse 
le  uorthward  from  Ganflint  lake  (1301).     It  has  here  a  strike  E. 

•vnnlMllulbeMMiQibUDnalnpnri.  p.  li. 
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5°  S.  and  seems  to  lie  south  from  the  strike  of  the  Yermilion  rock».* 
It  is  a  very  remarkable  fact,  however,  that  toward  the  north  here 
there  can  be  seen  nothing  of  the  rocks  of  the  Yermilion  group.  There 
Ir  almost  a  continuous  rock  exposure  along  the  river  leading  toward 
the  north,  and  to  Saganaga  lake,  and  nothing  but  syenite  is  seen.  The 
mica-hornblende  series  is  conspicuous  wherever  it  exists,  and  it  could 
not  cross  this  river  without  its  being  observed.  It  is  necessary  to 
infer,  therefore,  either  that  the  strike  changes  so  as  to  bring  the  Yer- 
milion belt  in  its  westward  extension,  underneath  the  Animike  at 
some  point  between  the  narrows  and  the  place  of  making  the  traverse 
already  described,  or  that  the  whole  is  converted  into  syenitic  gneiss, 
with  no  micaceo-hornblendic  stage  preserved.  This  gneiss  is  like 
that  seen  to  come  on  by  a  change  in  the  Eewatin,  already  described. 
It  irt  not  perfectly  crystalline,  but  parts  are  left  with  only  an  amor- 
phous crystallization,  or  the  feldspars  and  quartzes  are  imperfect, 
crowded  and  shapeless,  but  always  elongated  east  and  west,  in  the 
direction  of  the  strike.  Some  of  the  quartzes  are  an  ineh  and  a  half 
long,  but  no  more  than  a  quarter  of  an  inch  wide,  but  generally  they 
are  about  half  an  inch  long  and  an  eighth  inch  wide,  being  rather  len* 
ticular  lumps  of  quartz  than  crystals.  Their  forms  stand  out  promi- 
nently on  the  weathered  surface.  The  third  ingredient  of  this  syenitic 
gneiss,  which  seems  to  be  originally  and  generally  hornblende,  be- 
comes chloritic,  hydromicaeous,  or  muscovite,  this  difference  being  due 
probably  to  some  extent  to  an  apriori  difference  in  the  sediments,  but 
also  largely  to  a  difference  in  the  degree  of  exposure  and  decay.  The 
structure  is  vertical. 

A  striking  fact  in  connection  ^ith  this  gneiss  is  the  enclosure  of 
masses  of  bornblendic  rock,  i.  e.  of  long  and  lenticular  patches  in 
which  the  dark  hornblende  is  much  more  abundant  than  any  other 
mineral.  This  appears  on  the  upper  surfaces  and  on  the  eastward 
facing  bluffs,  showing  they  are  of  short  extent,  the  longest  not  beinjip 
more  than  eight  feet  east  and  west,  and  the  thickest  not  more  than 
eight  inches  from  north  to  south.  They  cease  by  running  to  points 
and  thin  edges  and  fading  out.  This  dark  rock  is  the  same  as  the  rock 
in  the  Yermilion  group  as  seen  further  east,  and  it  may  be  the  van* 
ishing  point  of  that  group. 

The  Vermilion  group  at  Ounfiint  lake. — Owing  to' the  importance  of 
the  question — what  becomes  of  the  series  of  dark  schists  (the  Yermil- 


*  According  to  my  brother's  obserration  the  ftrike  or  the  ttracture  of  the  gneissi  at  the  flrtt  (hjls  of 
Bnandary  river.  Rboat  IK  miles  north  of  Ganflint  lake,  1b  10  deg.  N.  of  K.  (mag).    The  yarlation 
tnppoteU  not  to  exceed  tfi  E. 
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ion  groap)  in  its  extension  toward  the  ''  narrows  "  I  sent  back  Mr. 
F.  N.  Stacy,  with  one  man,  to  make  special  search  for  it,  and  for  its 
manner  of  disappearance,  with  directionslito  make  excursions  north 
from  the  north  shore  of  Gunflint  lake  across  the  strike  of  the  rocks 
until  he  found  what  becomes  of  it.  Two  such  excursions  were  made, 
one  nearly  on  the  line  of  extension  north  of  the  line  between  sees. 
i*S  and  27,  and  the  other  nearly  on  the  line  of  separation  between 
sees.  25  and  26,  if  the  same  were  to  be  extended  across  the  lake  into 
the  Canadian  territory.  It  seems  from  the  search  of  Mr.  Stacy  that 
this  series  of  strata  ceases  rather  abruptly  and  is  replaced  by  the 
syenitic  gneiss  of  the  region;  but  what  are  the  facts  of  its  manner  of 
disappearance,  it  is  not  yet  known. 

Following  is  Mr.  Stacy's  -account  of  this  search.  The  specimens  he 
obtained,  to  illustrate  his  trip  and  notes  are  numbered  from  1457  to 
1500,  both  inclusive,  and  are  described  in  the  appended  list  of  rocks 
collected. 

The  ''  Black  BeU  **  of  Ounflint  Lake. 

The  following  U  aa  account  of  two  short  Inland  excursions  from  the  north  shore 
of  Ounflint  lake,  Sept.^,  1887,  by  F.  N.  Stacy  and  Chirlos  Sucker.  Two  days 
before,  Sept.  5,  the  geological  party  under  Prof.  N.  EI.  Winchell  had  discovered  a 
conspicuoiiB  "black  belt"  of  micaceous  and  hornblendic  schists  about  three- 
fourths  of  a  mile  north  of  the  lake  on  the  north  and  south  town  line  between  65-3 
and  S5-2,  W.  (Am.  Surv.).  The  object  of  the  excursions  of  Sept.  7  was  to  find 
what  had  become  of  this  black  belt  in  its  westward  extension. 

The  first  landing  was  made  just  north  of  '*Gabbro"  island,  about  two  miles 
west  of  the  above  mentioned  landing,  Sept.  5.  The  out-cropping  rock  on  the 
shore  at  this  point  was  a  li^ht  gray  slate  of  a  nearly  perpendicular*dip,  aod  of  a 
nearly  east  and  west  strike.  Parallel  with  the  lake-shore  for  three-quarters  of  a 
mile  due  north,  successive  bluffs  of  slates  and  other  perpendicular  schists  of  the 
Kewatin  group,  sometimes  cut  with  igneous  dikes,  were  crossed  at  a  gradual  in- 
ciea^e  of  elevation.  Until  at  a  distance  of  nearly  a  mile  from  the  lake,  and  at  an 
elevation  of  about  200  feet  above  the  lake-level,  the  Kewatin  was  discovered  over- 
capped  with  gabbro.  North  of  this  was  a  steep  decline  into  an  extensive  swamp, 
with  no  further  out-crops  for  half  a  mile  farther  north,  and  the  search  for  the 
black  belt  at  this  point  was  discontinued. 

Falling  io  find  the  black  belt  in  this  first  inland  excursion,  a  second  fanding  was 
made  about  one  mile  further  east,  and  mid- way  between  the  excursion  just  de- 
scribed and  that  of  Sept.  5.  At  the  second  landing,  also,  the  Kewatiu  cropped  out 
at  the  shore-line.  But  when  first  met  at  this  point,  the  Kewatin  was  a  **  porphyrel  '* 
— a  micaceous,  sericitic  schist  with  feldspar  crystals  between  the  laminae.  In  the 
journey  due  north,  next  came  cherty  schist,  then  slate,  followed  by  sericitic  and 
micaceous  schists,  and,  by  graduhl  transition,  the  usual  members  of  the  Kewatin 
grcrap;  until  at  a  distance  of  about  three-quarters  of  a  mile  from  the  shore  ap- 
peared the  ** black  belt*'  of  homb'cndic  ani  micaccDus  schists.     T.iese  in  turn 
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were  followed  in  the  ugtial  order  by  the  ffneissic  and  syenitic  rocks.  At  a  distance 
of  about  a  mile  and  a  quarter  north  of  the  lake,  and  at  an  elevation  of  about  250 
feet  above  the  lake-level,  was  fqpnd  in  the  topmost  bluffs  a  typical  Baganaga 
syenite. 

The  *'  black  belt "  as  thus  discovered  appeared  to  be  in  the  direct  strike  of  that 
found  further  east  on  Sept.  5,  but  was  much  broader  in  extent  p.nd  higher.  The 
narrow  beds  of  two  days  before,  lying  in  a  single  bluff,  had  widened  out  into  a 
series  of  parallel  bluffs  from  one  hundred  to  two  hundred  feet  elevation  above  the 
lake-level.  These  bluffs  of  varying  micaceous  and  hornblendic  schists  rose  in 
successive  parallel  terraces  for  over  a  quarter  of  a  mile  north  of  where  first  discov- 
ered, until  finally  merged  into  the  syenite  which  formed  the  broad-backed  summit. 
In  its  extension  a  half  mile  westward  the  ridges  of  the  belt  appeared  to  be  cut  off 
by  low  and  swampy  ground. 

In  the  absence  of  definite  information  as  to  the  disappearance  of 
this  '*  black  belt/'  Mr.  U.  S.  Grant  was  directed  in  July,  1888,  to 
make  further  search,  on  the  occasion  of  a  visit  to  that  region.  His 
report  is  not  rendered  yet,  but  in  a  letter  from  the  field  he  states  that 
he  traced  it  westward  to  within  200  feet  of  a  range  of  syenite  hills 
from  which  it  was  separated  by  a  swamp,  and  the  manner  of  contact 
could  not  be  observed.  ^ 

Further  west,  as  will  be  stated  more  fully  later,  on  the  west  side  of 
the  "  narrows,"  this  belt  of  mica-horn blendic  rocks  appears  again  and 
constitutes  an  important  member  of  the  series  of  the  region. 

As  to  any  unconformity  between  the  so-called  ''  crystalline  schists" 
and  the  Eewatin  graywacke  and  the  associated  porphyroidal  rocks, 
nothing  is  seen  of  it  about  Gunflint  lake.  On  the  contrary  all  that  is 
visible  indicates  a  conformable  transition,  by  gradually  changing  pro- 
portions of  minerals,  aggregated  in  beds  that  are  everywhere  con- 
formable, from  the  Eewatin  to  the  Vermilion  group.  It  is  true, 
however,  that  the  appearance  of  distinctly  micaceous  and  distinctly 
hornblendic  beds,  is  different  from  anything  seen  in  the  other 
portions  of  Mr.  Lawson*s  Eewatin.*  But  with  this  appearance  con- 
tinue the  same  kinds  of  beds  as  in  the  graywacke  belt,  alternating 
with  these  micaceous  and  hornblendic  beds.  But  when  these  darker 
constituents  appear  there  seems  to  be  a  more  complete  crystallization 
of  all  the  parts,  the  porphyritic  laminations  approaching  nearer  to 
crystalline  gneiss,  and  being  less  sericitic.  There  is  here  a  progressive 
crystallization  from  the  graywacke  and  sericitic  schist,  through  the 
schists  of  the  Vermilion  to  the  gneiss  of  the  Laurentian;  there  seems 

*  It  nhoQld  be  remembered  that  Mr.  LawsonV  definition  of  Kewatin  makes  that  groap  embmce  the 
Veriiiljiwn  gruup ;  but  freqaently  in  thin  report  the  term  Kewatin  U  used  Jn  a  restricted  seuee  by 
o  oiiiltig  tho  *■  Hack  belt,*'  and  the  term  Vermilion  i»  applied  dtatinctively  tu  tlie  **  black  belt.** 
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to  be  no  more  reason  to  place  the  Yermiiion  group  with  the  Lanren- 
tian  there  is  to  place  it  with  the  Eewatin. 

While  there  is  this  gradual  transitioi^so  far  as  can  be  seen,  froih 
the  gray  wackes  into  the  Laurentian,  there  is  yet  reason  to  exempt  the 
greater  part  of  the  Yermiiion  group  from  the  ordinary  sedimentary 
methods  of  accumulation  of  clastic  rock.  It  appears  to  have  been 
introduced  in  some  places  and  not  in  others.  Its  composition  will 
allow  of  its  having  been  of  eruptive  origin  among  the  sediments  of 
Eewatin  time,  in  some  such  manner  as  the  eruptive  beds  are  seen  in- 
troduced and  interstratified  with  the  Cupriferous.  Indeed  it  is 
believed  now  to  have  marked  one  of  the  early,  if  not  the  earliest, 
general  outpourings  of  basic  eruptive  rock.  It  was  embraced  into 
the  strata  of  the  then  forming  crust,  and  was  disposed  with  general 
conformability  between  the  underlying,  older,  sediments,  and  the 
later  graywacke  belt.  It  has  suffered  the  upheavals  and  pressures 
and  displacements  that  the  other  strata  have  experienced.  It  has 
been  turned  up  edgewise,  like  them,  but  it  has  maintained  its  dis- 
tinctive character  and  its  general  stratigraphic  integrity.  On  the 
side  toward  the  gneiss,  which  would  naturally  be  the  bottom  of  the 
overflow,  the  transition  from  the  Yermiiion  group  is  sometimes 
through  a  series  of  fissures,  veinings,  dikes,  and  included  masses, 
indicating  an  epoch  of  disturbance  such  as  would  allow  the  escape  of 
molten  rock,  while  on  the  side  toward  the  Kewatin  graywackes  the 
transition  is  one  that  indicates  a  sedimentary  mingling  and  inter- 
stratification  of  graywacke  debris  with  debris  from  the  eruptive  rock 
last  poured  out.  These  alternations  are  sometimes  very  numerous, 
but  gradually  the  micaceous  (originally  hornblendic)  element  fades 
out,  and  the  well-known  graywacke  element  only  remains. 

West  from  the  **  narrows  "  extends  Animike  bay,  a  spur  from  Guu- 
flint  lake.  Ascending  the  point  north  from  this  on  the  north  side  of 
the  point,  thus  passing  from  the  gneiss  across  the  strike  of  the  Ani- 
mike up  to  the  gabbro  which  forms  the  summit  of  the  point,  an  out- 
crop of  rock  is  encountered  such  as  has  been  seen  frequently  near  the 
contact  of  the  gabbro  on  the  other  rocks,  and  which  has  been  styled, 
in  some  of  its  aspects,  '^  muscovado,"  but  here  it  is  finer,  and  has  a 
siliceous  frame* work  instead  of  siliceous  grains  (1319). 

It  passes  into  a  siliceous  (streamed?)  gray  rock,  evidently  fine- 
bedded  and  not  wholly  siliceous  (1320). 

And  in  immediate  contact  with  these,  sometimes  one  and  sometimes 
the  other,  is  considerable  magnetite  which  probably  here  becomes  val- 
uable as  merchantable  ore  (1321)  The  needle  is  wild;  not  much  is 
visible,  but  it  is  in  place,  and  might  be  in  large  quantity. 
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Passing  further  south,  ou  this  point,  I  meet  with  a  great  many  large 
fallen  masses  of  freshly  broken  (not  rounded)  gray,  coarse  quartzyte, 
•or  grit  (1322),  evidently  deiy^ed  from  some  portion  of  the  bluff  which 
here  rises  about  l<iO  feet  higher  and  faces  toward  the  north. 

At  the  top  of  the  hill  is  gabbro  (1323),  but  in  places  it  is  fine- 
grnined.  It  is  distinctly  basaltic,  and  in  some  places  takes  the  form 
of  a  coarse  porphyry  like  1314. 

Sample  1324  is  a  fine  black  slate,  nearly  horizontal,  from  near  con- 
tact with  the  gabbro,  north  of  Animike  bay,  but  slightly  changed.  In 
this  black  slate  one  can  imagine,  from  the  forms  seen  on  the  bedding 
surfaces,  that  he  sees  encrinites,  ostracoids,  climactichnites,  fucoids, 
and  mammillated  or  finely  pitted  surfaces  that  recall  the  rough  plates 
of  some  large  fishy  reptiles.  But  so  far  as  I  can  see  these  shapes  are 
all  of  mechanical  origin.  They  do  not  seem  to  warrant  the  unquali- 
fied statement  of  organic  remains  in  this  rock.  Still  it  is  very  proba- 
ble, judging  from  their  carbonaceous  composition,  their  finely  slaty 
sedimentation,  and  the  preservation  of  fine  ripple^marks  (1385),  that 
life  existed,  probably  animal  life,  at  the  time  of  the  gathering  of  these 
sediments,  and  that  real  organic  remains  will  be  discovered  in  them 
sooner  or  later. 

At  Iran  lake,  at  the  old  Mayhew  location,  1287  represents  the  so- 
called  changed  quartzyte,  on  which  the  gabbro  lies  unconformably. 
This  now  seems  to  be  the  **  muscovado"  of  last  year.  The  gabbro  is 
unmistakably  on  it  nnconformably.  1291  is  a  specimen  of  the  iron 
ore  at  Iron  lake. 

Kock  No.  1293  is  from  a  boulder,  north  shore  of  Iron  lake.  The 
interesting  feature  in  this  boulder,  which  was  rounded,  and  evidently 
far  transported  by  drift  agents,  is  that  it  is  made  up  of  boulders. 
Originally  the  mass  measured  3  ft.  by  2i  ft.  by  4  ft.,  and  by  the 
action  of  fire  large  slabs  have  been  made  to  drop  off.  Otherwise  no 
samples  could  have  been  obtained  with  any  means  which  we  could 
control.  This  is  not  only  made  up  of  boulders,  but  it  is  from  the  mica- 
hornblende  schist  or  Vermilion  group,  and  shows  that  conglomerates 
there  have  been  converted  into  crystalline  rock.  The  small  boulders 
are  of  greenstone,  mica  schist  and  changed  greenstone.  The  matrix 
is  granulyte  or  granite.  Later  the  Vermilion  group  rocks  have  been 
seen  and  described  as  conglonieritic  by  H.  V.  Winchell,  just  east  of 
the  entrance  to  Black  bay  on  Rainy  lake.  (See  his  report  in  this 
volume.) 

The  couorlonieritic  structure  has  therefore  now  been  seen  in  the 
following  crystalline  rocks  in  Minnesota: 
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1.  The  Sauk  Rapids  "  granite."  « 

S.  The  porphyritic  conglomerate  at  Ogishke  Muncie  lake,  and  the 
similar  gneiss  in  Eekekebic  lake. 

3.  In  the  Stantz  island  porodyte. 

4.  In  the  greenstone  of  Twin  mountain. 

5.  My  brother  reports  it  conspicuoas  in  the  Saganaga  granite. 

6.  This  boulder  shows  it  in  the  Vermilion  group.  (Since  this 
obserTation  was  recorded/  an  examination  has  been  made  of  the 
gneiss  quarries  at  Morton  and  Redwood  Falls,  in  the  Minnesota 
▼alley,  where  this  structure  is  very  common  and  conspicuous.  This 
gneiss  is  certainly  in  the  southwestward  extension  of  the  Vermilion 
group  of  the  northern  part  of  the  state.) 

7.  In  the  '' Laurentian"  syenite  in  Michigan,  south  of  the  Aurora 
mine. 

▲OB088  THB  OOUKTBT  FBOH  GUKFLINT  LAKB  TO  0GI8HKB  HUKOIE. 

In  the  report  for  1881,  p.  95,  in  reporting  the  observations  made  in 
the  region  of  Gunflint  lake  in  1878,  some  reasons  are  given  for  con- 
sidering the  '*  quartzyte-slate  formation"  seen  at  Gunflint  lake  (the 
Aniraike)  in  horizontal  position,  the  equivalent  of  the  great  quartzyte 
and  slate  formation  at  Ogishke  Muncie  lake  which  passes  into  the 
Ogishke  conglomerate.     But  the  matter  was  not  settled,  and  has  been 
ever  since  an  element  of  uncertainty  which  has  entered  into  every 
attempt  to  establish  a  systematic  stratigraphy  for  the  oldest  rocks  of 
^he  state.    At  that  time  the  tilted  schists  and  graywackes  of  the 
-Kewatin  series,   with  their  contained   iron  ore,  were  considered  an 
integral  part  of  the  same  tilted  series  as  the  slates  and  quartzytes 
kssociated  conformably  with  the  Ogishke  conglomerate;  and  the  iron 
of  the  jasper  ridges  at  Vermilion  lake  were  considered  the  equiva- 
lent of  the  iron  ore  seen  in  the  Animike.    This  is  the  view  that  was 
[opted  and  subsequently  urged  by  Prof.  R.  D.  Irving.    But  since 
^he  separation  of  the  Animike  from  the  Eewatin  has  been  established 
^y  marked   unconformities,   and    by    constant    differences   in   lith- 
-^^^^J  (including  a  constant  difference  in    the    kind   of   iron    ore 
dissociated,  and  their  respective  mineral  accompaniments),  it  remained 
^till  to  answer  the  question — To  which   series,  the  Animike  or  the 
Kewatin,  does  the  quartzyte-slate-conglomerate  of  Ogishke  Muncie 
lake  belong?    The  report  of  last  year  (the  15th)  leaves  this  question 
unanswered,   although  stating  (p.  381)  on   the  authority  of   some 
i      general  parallelizations,  that  'Uhe  Ogishke  conglomerate  is  allied 
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closely  with  the  Auimike.     It  contains  numerous  greenstone  boulders, 
and  perhaps  represents  its  basal  portions." 

In  order  to  trace  the  strata  from  Gunflint  lake  westward  a  trip  was 
planned  through  the  country,  leaving  the  Boundary  waters  at  the 
west  end  of  Gunflint  lake,  and  reaching  Ogishke  Muncie  lake  by  way 
of  Gabemichigama  lake  and  Fox  lake. 

Going  west  on  the  section  line  between  sees.  24  and  18,  65-4  W.  to 
the  N.  W.  cor.  of  sec.  23,  thence  south,  and  a  little  east,  a  recent  iron- 
working  is  found.  Here  is  a  low,  northward-facing  Animike  bluff, 
not  exceeding  18  feet  in  hight,  the  strata  dipping  southeastwardly 
about  12  degrees,  made  up  of  ore  on  the  top  (1325  and  1826;  about  5 
feet,  and  of  alternating  gray  grit  and  sandstone,  with  some  ore  and 
chert,  below  (1827).  This  ore  and  the  rock  associated,  resemble  those 
of  the  north  side  of  Gunflint  lake,  as  well  as  those  seen  in  the  Mesabi 
range  and  reported  on  by  Prof.  Chester  (11th  annual  report).  It  is 
but  little  south  of  the  gneiss  range  (the  Giants'  range)  in  all  three 
places,  and  appertains  to  the  same  stratigraphic  plane,  t.  e  ,  near  the 
bottom  of  the  Animike.  No  gabbro  is  visible  here;  the  general  slope 
is  toward  the  south.  This  iron  has  been  uncovered  by  exploring  par- 
ties at  several  other  points  further  east. 

A  little  south  from  the  face  of  the  bluff  a  shaft  has  been  sunk  into 
this  rock.  It  passed  through  the  ore-belt,  into  the  grit-stone  and 
chert,  and  struck  gneiss  within  ten  feet  from  the  surface.  This  gneiss 
is  mainly  gray,  but  some  of  it  is  reddish,  having  orthoclase.  The  shaft 
penetrates  it  about  two  feet.  Between  the  Animike  rocks  and  the 
gneiss  is  a  thin  layer  (one  or  two  inches)  of  yellowish  rotted  earth  and 
rock.  This  ore,  lying  in  a  sheet,  dipping  but  little  to  the  S.E.,  should 
be  taken  up  by  the  acre.  On  a  forty-acre  tract  there  would  be  many 
tons,  but  it  does  not  go  deep,  like  the  ore  at  Tower,  and  in  that  re- 
spect this  ore  differs  uniformly,  so  far  as  known,  from  that  in  the 
Eewatin  rocks.  This  location  was  discovered  by  Henry  Mayhew,  and 
the  working  has  been  prosecuted  by  Messrs.  Paulson,  Barker,  Boyden 
and  Millar.  Of  this  ore  Mr.  Millar  gave  me  the  following  result  of 
analysis,  made  by  Rattle  and  Nye,  Cleveland. 

Metallic  iron 66.600 

Silica 10.020 

Phosphorus 0  042 

Manganese ...  4  340 

Alumina , 0.340 

Titanium none* 
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This  shows  a  high  grade  ore,  but  very  likely  the  sample  was  selected 
with  reference  to  getting  a  good  result,  and  that  the  five  feet  of  ore 
seen  would  not  average  as  good. 

South  from  the  place  of  this  pit  about  half  a  mile  is  another  range 
of  maguetited  rock,  and  the  amount  of  ore  there  would  be  likely  to  be 
greater  than  at  this  place.  This  ore  is  fine-grained,  compact,  mag- 
netic, indistinctly  banded  and  everyway  similar  to  that  seen  in  Towns 
59  and  60  on  the  Mesabi  range,  and  unquestionably  is  in  the  same  for- 
mation. 

This  unconformable  position  of  the  Animike  on  the  gneiss  is  con- 
clusive against  the  idea  of  the  identity  of  the  Animike  with  the 
Eewatin  rocks,  and  also  against  their  conformability,  and  effectually 
establishes  the  distinctness  of  the  Eewatin  from  the  Huronian  of 
Canada,*  the  Huronian  being  the  equivalent  of  the  Animike  and  the 
great  quartzyte  that  overlies  it. 

Further,  the  existence  of  this  gneiss,  which  is  the  same  as  seen  in 
the  Giants'  range  just  north  of  this  point,  at  places  so  far  south,  in 
line  of  the  strike  of  the  Kewatin  beds  that  have  been  described  on 
the  north  side  of  Gunflint  lake,  indicates  some  change  in  the  Ee- 
watin, introducing  an  irregularity  in  the  line  of  strike.  It  is 
possible,  indeed  it  seems  probable,  in  the  light  of  facts  which  have 
been  mentioned  showing  the  variableness  of  the  lithology  of  the 
Eewatin  toward  the  greater  crystallization  of  the  adjoining  gneiss, 
•that  there  is  an  encroachment  of  the  gneissic  characters  upon  the 
schistose,  and  that  the  Eewatin  beds  seen  north  of  Gunflint  lake  are 
changed  by  intensified  metamorphism  to  the  gneiss  that  here  exists  in 
the  line  of  strike  from  there.  In  this  gneiss  occur  isolated  masses  of 
a  darker  homblendic  rock  similar  to  those  masses  already  described 
north  of  Black  Fly  bay.  A  great  east  and  west  dike  of  greenstone 
seems  to  cut  this  gneiss  just  north  of  this  working,  but  it  makes  only 
one  or  two  slight  exposures,  so  far  as  seen  on  section  23. 

But  following  the  trail  that  runs  west  along  the  north  side  of  sec. 
^,  this  great  greenstone  dike  becomes  visible  on  the  north  side  of 
the  trail  about  an  eighth  of  a  mile  west  of  the  section  corner.  This 
is  in  65-4.  Rock  1329  is  a  sample  of  this  dike,  seen  on  the  north  side 
of  the  trail.  Large  detached  masses  have  fallen  from  the  cliffs  which 
rise  precipitous  along  the  north  side  of  the  trail.  The  direction  of 
the  dike,  if  so  it  may  be  called,  is  about  15''  south  of  west.    This 


*  Thii  ancooformity  hat  beai>  deacribed  by  A  Winchell  in  The  American  Qeologitt^  Jannary,  1888, 
p.  S3.  Conpmre  also  the  paper  by  the  writer  In  the  same  nomber  of  The  American  Oeoiogiet  (p.  H)  on 
the  eqohrmleiiti  of  the  original  Huronian. 
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sample  is  like  gabbro,  and  does  not  correctly  represent  the  nature  of 
this  greenstone.     See  rather  1330  and  1331. 

The  Giants'  range,  which  is  crossed  by  the  section  line,  rans  south- 
west at  this  place,  and  where  the  trail  leaves  it  the  descent  seems  to 
be  about  200  feet. 

Again,  a  little  north  of  the  quarter-post  between  sees.  20  and  21, 
65-4,  a  greenstone  display  appears.  It  rises  in  a  vertical  wall  facing 
north,  and  is  crossed  by  the  section  line.  It  is  somewhat  weathered 
to  a  schistose  rock,  sometimes  chloritic,  on  the  exposed  angles,  but 
within  it  is  a  massive,  fine-grained  greenstone.  Rises  45  feet  about 
vertical. 

Re-examining  this  vertical  cliff,  the  schistose  structure  is  seen  to 
run  W.  15"^  S.  (mag  )  which  is  also  the  general  direction  of  strike  of 
the  rock-mass.  There  is  no  appearance  of  sedimentary  bedding.  It 
may  be  a  revival  of  the  crystalline  schist  belt  seen  on  the  north  side  of 
Ounflint  lake,  which  was  seen  also  to  disappear  rather  abruptly  by 
the  interposition  of  light-colored  gneissic  rocks  of  that  region.  This 
certainly  has  the  aspect  of  much  of  that,  but  it  lacks,  so  far  as  can  be 
seen,  the  sedimentary  banding  which  is  common  in  some  parts  of 
that. 

Traveling  south  from  the  face  of  this  cliff,  about  200  paces,  evi- 
dently all  the  way  over  the  surface  of  the  same  rock,  at  a  low  crest 
where  a  descent  begins  toward  the  south,  the  rock  1332  is  seen,  plainly 
identical  with  1330.  Superficially  it  has  a  schisted  aspect,  but  it  is 
massive  within.  It^does  not  show  any  sedimentary  bedding— only 
thin  seams  and  veins  reticulating  through  it,  of  lighter  minerals,  in 
which  probably  is  some  quartz.  But  generally  throughout  this  rock 
quartz  cannot  be  distinguished. 

South  from  the  last  is  another  vertical  wall,  about  12  feet  high,  just 
east  from  the  trail-crossing  containing  the  same  greeiistone  (1333). 
This  is  after  passing  a  swamp  about  30  rods  across.  This  ridge  de- 
scends abruptly  to  a  low  east-and-west  valley,  after  which  another  of 
the  same  rock  rises  still  higher,  perpendicular,  about  25  feet,  repeat- 
ing the  phenomena  seen  in  the  same  kind  of  rock  last  year  north  of 
the  Kawishiwi  river  (15th  annual  report,  p.  846). 

The  iron  location  on  Chub  lake,  N.  E.  i,  N.  E.  i,  sec.  29,  66-4.  At 
the  northeast  end  of  the  southerly  of  the  two  lakes  (on  the  surveyor's 
plat  wrongly  included  in  one  lake)  is  a  recent  iron  exploration.  This 
working  was  done  by  the  same  parties  as  already  mentioned  in  connec- 
tion with  that  on  sec.  23  in  the  same  township,  and  from  Mr.  Millar 
were  obtained  the  results  of  assays  made  by  Little  and  Nye,  of  Cleve- 

nd,  as  follows: 
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Met.  ir'n 

8ilica 

Ph08. 

Mang. 

Alum. 

Titan 

No.  1 

68.40 
64.01 
63  98 

8.22 
9  37 
8  90 

.036 
.032 
.028 

4.P2 

6  02 

None. 

.ft2 
.07 

Noiii). 

Ko.2 

No.  3  (aTerage  of  6  samples) 

None. 
Trace. 

0 
» 


This  ore  is  well  characterized  olivinitic,  magnetic,  granular,  the 
yellowish  wazj  grains  of  olivine  being  mingled  rather  uniformly  with 
the  grains  of  magnetite  (1336).  It  easily  disintegrates  and  in  favor- 
able situations  would  give  origin  to  iron  sand. 

The  greenstone  represented  by  1330  and  1833,  already  described,  ex- 
tends southward  indefinitely,  occupjdng  a  tract  of  elevated  rough 
country,  timbered  heavily  with  pine  and  spruce,  and  covered  under 
foot  with  northern  mosses.  This  elevated  tract  descends  southwardly 
to  this  iron  location  where  it  is  evident  that  the  geology  has  changed, 
and  the  greenstone  has  given  place  to  the  Animike  carrying  magnetite. 
The  most  southern  identifiable  portion  of  the  greenstone  is  repre- 
sented by  rock  samples  1834.  There  is  then  a  transition,  in  traveling 
south  to  the  iron-location  (what  its  nature  was  could  not  be  ascer- 
tained owing  to  the  vegetation,  although  the  ground  was  searched  over 
twice),  to  a  rock  represented  by  No.  1335.  But  judging  from  all  that 
could  be  seen  this  rock  lies  upon  the  greenstone.  It  has  some  resem- 
blance to  the  greenstone,  but  is  blotched  alternatingly  with  basic  dark 
and  acidic  light  minerals;  it  is  hence  somewhat  lighter  colored.  It 
has  a  heavy,  bedded  structure  which,  however,  does  not  show  any  ev- 
ident sedimentary  characters,  but  which  is  more  like  that  of  a  mas- 
sively bedded  eruptive,  or  like  that  seen  in  the  gneisses  of  the  Lauren- 
iian.  This  bedded  structure  dips  southward  at  an  angle  of  about  45 
degrees  and  approximately  conformable  with  the  dip  of  the  Animike 
rocks  carrying  the  iron  ore,  and  runs  under  the  iron  bearing  beds. 
The  exact  manner  of  contact  was  not  seen.  This  rock  has  not  the 
free  and  completely  crystalline  characters  which  indicate  an  original 
eruptive  or  a  completely  re-fused  sediqiontary  rock.  It  appears  rather 
to  have  been  produced  by  a  metamorphism  in  situ,  of  some  sediments 
which  contained  a  large  amount  of  basic  material,  this  change  having 
taken  place  by  hydro-thermal  fusion  when  the  sediments  were  yet 
deeply  buried  in  the  super-crust.  Such  a  rock,  so  far  as  known,  has 
not  been  seen  before  in  Minnesota.  Its  geology  should  be  further  ex' 
amined  into  before  any  positive  statements  can  be  made  concerning  its 
origin  and  relation  to  the  greenstone  on  which  it  seems  to  lie,  or  to 
the  Animike  quartzyte  under  which  it  seems  to  lie.     It  seems  to  be  no 
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part  of  the  Animike  unless  greatly  modified.  It  is  not  slaty,  nor  flinty, 
nor  evidently  fragmental,  but  crystalline  and  of  a  medium  grain. 
Toward  the  north  from  the  iron- pit  this  rock  rises  in  a  hill  to  about 
175  feet  and  breaks  away  precipitously;  and  another  lake,  elongated 
E.  and  W.,  lies  at  the  foot  of  the  blu£f  on  the  north,  north  of  which, 
and  about  which,  greenstone  like  1334  only  appears.  Indeed  the 
greenstone  seems  to  come  out  at  the  top  of  the  hill  on  the  northern 
side,  and  the  specimens  No.  1334  are  from  there. 

At  the  ore-pit  the  working  was  done  by  sledges  and  crow*bars,  ap« 
parently  without  any  blasting.  The  excavation  is  only  about  ten  feet 
deep,  and  passes  into  the  layers  near  the  level  of  Chub  lake,  in  a 
northward  direction,  and  hence  toward  the  underlying  metamorphic 
rock  No.  1335.  But,  what  must  have  been  a  surprise  to  the  explorers, 
and  perhaps  caused  the  stopping  of  the  work,  the  ore  beds  (1336)  are 
found,  at  the  depth  of  about  10  feet,  to  lie  on  loose  sand  and  boulders, 
exactly  like  those  seen  in  the  drift  round  about,  the  boulders  being  of 
gneiss  and  greenstone  (1337).  The  sand  is  clean  and  crumbling,  like 
lake  sand.  Some  of  the  gneiss  boulders  are  a  foot  in  diameter,  and  of 
the  greenstone  at  least  six  inches.  There  is  on  the  top  of  this  sandy 
and  bouldery  layer  a  kind  of  blackish  or  brownish  soil-like  rustiness 
which  probably  results  from  the  rotting  of  the  olivine  in  the  over- 
lying iron  deposit.  So  far  as  seen  the  whole  thickness  is  about  twenty 
inches,  but  its  depth  is  not  shown.  This  gravel  and  sand  was  thought 
at  first  to  be  the  equivalent  of  that  seen  actually  between  the  Animike 
and  the  gneiss  on  sec.  23,  already  described,  but  on  making  further 
examination  it  was  found  that  it  more  likely  is  a  part  of  the  prevalent 
drift  that  covers  the  country.  It  is  necessary  to  suppose,  if  this  hy- 
pothesis be  correct,  that  the  iron-ore  beds  penetrated  by  the  excava- 
tion are  only  the  low  remnant  of  a  cliff  facing  north,  and  that  the 
hill  which  rises  next  north  from  the  cliff,  sloping  southward  under  it, 
presented,  at  the  time  of  the  drift  epoch,  a  sudden  projecting  jog  or 
step  behind  which,  and  below  which,  this  gravel  and  sand  had  accu- 
mulated,  filling  the  depression  up  so  as  to  make  the  hillside  appear 
smooth.'  All  semblance  of  such  a  jog,  however,  is  lost,  and  its  exist- 
ence is  invoked  in  order  to  explain  the  anomalous  position  of  the  sand 
and  gravel. 

The  geology  of  these  iron-bearing  strata  is  quite  interesting,  as  it 
reveals  some  new  points  respecting  the  Animike,  and  may  be  con- 
densed as  follows : 

1.  The  beds  are  a  part  of  the  Animike,  and  dip  south  about  30**. 
They  contain  a  considerable  amount  of  grit.    This  grit  is  like  thai 
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Been  disseminated  in  the  Animike  at  Ganflint  lake.    It  is  largely 
qnartZv  bnt  is  mingled  with  olivine  and  magnetite. 

2.  The  iron-bearing  rock  passes  into  a  gray  quartzyte  like  that  seen 
north  of  Animike  bay  (132S). 

3.  North  of  this  working  is  a  great  thickness  of  some  changed  sed- 
imentary rock  (as  snpposed)  on  which  the  Animike  seems  to  lie,  the 
hill  rising  175  feet  above  Ghnb  lake  (1385).  This  changed  sedimen- 
tary rock  resembles  somewhat  that  seen  at  the  N.  E.  end  of  Gabbe- 
michigama  lake,  described  on  pp.  879  and  380,  of  the  report  of  last 
year,  and  perhaps  is  the  equivalent  of  some  of  the  so-called  musco- 
vado rock  seen  unconformable  below  the  gabbro. 

4.  It  lies  to  the  south  of  a  great  greenstone  range,  the  same  as  sup- 
posed last  year  to  lie  under  the  Animike,  OTer  which,  by  its  dip, 
reaching  sometimes  45^,  it  must  have  passed  if  formerly  extended 
northward. 

5.  The  quartzyte  with  which  the  ore  is  associated  becomes  devel- 
oped, at  about  one-eighth  mile  further  west,  into  a  sharp,  prominent 
ridge,  which  faces  perpendicularly  northward,  the  beds  dipping  48° 
south,  the  quartzyte  itself  and  magnetic  quartz  schist  being  from  140 
to  150  feet  thick,  and  the  associated  olivinitic  ore  beds  being  perhaps 
50  feet  thick.  There  is  one  layer  of  hard  vitreous  quartzyte  (1:^^38), 
very  heavily  bedded,  which  is  at  least  20  feet  thick. 

6.  Inter- bedded  with  this  quartzyte  (1340)  is  a  layer  of  gabbro  (?^, 
near  the  top  of  the  ridge  (1341)  which  varies  from  the  typical  gabbro 
of  the  Mesabi  in  being  fine-grained  and  more  like  some  of  the  musco- 
vado beds.  It  is  also  coarsely  porphyritic  with  a  dark  striated  feld- 
spar, apparently  labradorite.  This  porphyry  recalls  that  seen  at 
Ganflint  lake,  No.  1314.  The  appearance  of  some  of  the  thin  layers 
of  basic  material  seems  to  indicate  that  they  were  immediately 
followed  by  coarse  sediments  of  almost  pure  silica  (1339). 

7.  This  inter-bedding  seems  to  fix  the  age  of  at  least  the  beginning 
of  the  gabbro  overflow,  and  since  the  great  body  of  the  gabbro  over- 
flow is  found  to  cover  the  small  islands  very  near  the  north  shore  of 
Chub  lake,  there  could  not  have  been  much  interval  between  this 
beginning  and  the  great  development. 

8.  This  rock  and  ore  have  a  frequent  jointage  perpendicular  to  the 
dip.  This  causes  it  (o  break  under  the  weather  into  cuboidal  small 
blocks,  the  bedding  being  about  four  to  six  inches  thick.  It  also 
gives  the  ore  a  fibrous  structure  under  the  action  of  which  it  is  more 
easily  broken  across  the  sedimentation  than  in  any  other  direction. 
It  in  ibis  easy  cuboidal  disintegration  that  has  caused  it  to  occupy, 
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at  the  present  time,  the  lower  parts  of  the  country,  rather  than  the 
higher,  the  drift  agents  and  subsequent  drainage  and  erosion  having 
removed  it. 

9.  There  seems  to  be  a  large  amount  of  ore  connected  with  this 
formation  here,  and  it  will  probably  ultimately  prove  valuable. 

10.  This  great  quartzy  te,  being  near  the  top  of  the  Animike  (whet  her 
conformable  on  it  or  unconformable  is  now  unknown),  is  a  new  fea* 
ture  in  this  part  of  the  state,  and  is  worthy  of  a  name.  In  the  field 
book  it  was  named  Pewabic  quartzyte^  from  the  Chippewa  word  mean- 
ing iron.  It  apparently  occupies  the  same  horizon  as  the  quartzyte 
at  the  head  of  Wauswaugoning  bay;  which  again  is  supposed  to  be 
the  equivalent  of  the  Thessalon  and  Otter  Tail  quartzytes  of  the 
original  Hurouian;  which  again,  as  the  reader  will  have  learned  who 
has  followed  this  report,  is  regarded  the  same  as  the  quartzyte  north 
of  the  Adirondack^  in  New  York  which  has  been  named  Potsdam. 

In  passing  from  Charley  lake,  in  sec.  32,  65-4,  to  Flying  Cloud  lake, 
in  sec.  25,  65-5,  there  being  no  regular  route,  we  follow  some  trap- 
pers' and  other  dim  trails.  As  the  plat  is  unreliable  as  to  the  size  and 
shape  of  the  indicated  lakes,  it  is  impossible  to  identify  some  of  them 
along  the  route  we  took.  We  travelled  wholly  on  gabbro,  and  saw 
nothing  of  interest  except  when  passing  westward  along  an  old 
gabbro  valley,  about  S.W.  i  of  sec.  80,  65*4,  in  which  the  gabbro 
walls  rose  on  each  side  nearly  vertical,  though  the  width  of  the  valley 
was  about  one-eighth  mile.  On  the  south  side  as  the  canoe  was  pushed 
through  the  brush  down  a  little  ravine  that  runs  from  one  lake  to 
another,  signs  of  violent  and  copious  flow  of  water — indeed  nothing 
but  a  glacial  river  could  have  formed  the  pot-holes  which  are  sculp- 
tured on  the  gabbro  thirty  or  more  feet  above  the  level  of  the  present 
creek. 

Passing  north  from  Flying  Cloud  lake,  which  is  in  the  southern 
part  of  sec.  25,  65-5,  on  the  east  side  of  the  outlet,  after  passing  a 
short  distance  on  the  usual  gabbro  surface,  a  low  ridge  of  reddish 
gneiss  is  seen  (1342),  near  the  lake  shore,  rising  up  through  the  gab- 
bro. This  gneiss  is  distinctly  layered,  and  dips  N.  30"*  W.,  at  an  angle 
of  about  30  degrees.  Continuing  this  traverse  northward  toward 
Bingoshick  lake,  gradually  ascending,  near  the  center  of  the  N.  £.  i 
of  the  S.  W.  i  of  sec.  25,  65-5,  the  iron-bearing  rocks  are  met  again 
in  the  appearance  of  the  Pewabic  quartzyte. 

At  first  it  is  not  conspicuously  exposed,  but  is  distinctly  magnetic  and 
granular.  It  dips  55  degrees  towards  the  south,  and  strikes  about 
east  and  west  (E.  8'  N.). 
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A  short  distftnce  further  north  these  quartzy te  beds  break  o£f  toward 
the  north  in  a  vertical  cliff  about  135  feet  high  (1843).  It  dips  south 
as  before,  and  probably  fills  the  whole  interval  between  that  lirst  ex> 
posnre  and  this.  The  thickness  of  the  bedding  that  can  be  made  out 
thns  is  about  800  feet,  and  it  may  reach  500,  as  it  can  be  seen  also- 
further  north,  and  across  a  swamp  that  next  supervenes.  It  appears 
as  if  at  this  place  most  of  that  quartzy  te  seen  at  Chub  lake  in  separate 
ridges  is  gathered  in  one  cliff. 

About  midway  in  the  bluff  is  A  bed  of  porphyritic  gabbro  (?  )  about 
8  feet  thick  (1344),  but  in  general  the  cliff  is  made  up  of  quartzyte. 

Before  reaching  the  south  shore  of  Bingoshick  lake  the  same  rock  as- 
seen  north  of  the  iron  working  at  Chub  lake  returns  (1345),  but  just  at 
the  lake  is  a  greenstone  (1346),  or  a  dark,  gabbroloid  greenstone.  These 
two  rocks,  1845  and  1346,  seem  to  have  close  and  perhaps  intergradiug 
relations;  and  perhaps  cannot  be  separated,  but  No.  1345  seems  to  be- 
lighter  colored  and  to  contain  some  free  quartz.  They  are  both  found 
to  the  north  of  the  strike  of  the  Pewabic  quartzyte,  and  from  north 
to  sonth  the  belt  they  occupy  is  here  half  a  mile  wide.  As  compared 
with  the  schistose  and  micaceous  greenstone  seen  in  the  .W.  part  of 
sec  23,  they  are  more  massive,  more  fresh,  and  more  gabbrolikOr  i.  e. 
they  more  nearly  approach  the  rock  that  has  been  denominated  mus* 
covado  in  the  fifteenth  report. 

Observed  positions  of  the  Gabbro. 

Gabbro  lies  on  the  Animike  at  many  places. 

Gabbro  lies  on  the  Pewabic  quartzyte  at  Chub  lake,  and  is  inter- 
bedded  with  it.    The  same  is  true  north  of  Flying  Cloud  lake. 
Gabbro  lies  on  the  Eewatin  north  of  Gunfiint  lake. 
Gabbro  lies  on  the  red  syenitic  gneiss  north  of  Flying  Cloud  lake. 

Observed  positions  of  the  Animike. 

The  Animike  lies  on  the  Eewatin  unconformably,  north  of  Gunfiint 
lake. 

The  Animike  lies  on  the  gneiss  in  sec.  23,  65-4. 

The  Animike  (Pewabic  quartzyte)  lies  on  the  rock  133#  on  the  north 
side  of  Chub  lake. 

Relation  of  the  Pewabic  quartzyte  to  the  Animike. 

This  magnetited  quartzyte,  which  apparently  is  near  the  top  of  the 
Animike,  and  lies  on  the  greenstone  belt  represented  by  1345  and 
1346,  seems  to  extend  further  north  than  the  great  mass  of  the  Ani» 
mike  rocks.    If  this  relation  be  correctly  made  out,  and  if  the  green- 
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stone  be  older  than  the  Animike,  it  would  be  necesaar;  tosuppoee  tlie 
quartzjrte  was  depoeited  daring  a  period  of  iucreasing  aabmergeoce. 
Thus  the  older  sediments  would  be  hid  by  the  encroaching  shore-line, 
and  on  upbeaTal  might  not  appear  at  all  in  their 
proper  place  between  the  quartsyte  and  the  green- 
stone. Not  enough  is  known,  at  this  time,  con- 
cerning the  stratigraphic  position  of  this  quartz- 
yte,  and  the  relation  that  rouks  1345-6  may  bear 
.  to  each  other  and  to  the  greenstone  that  consti- 
[h  tates  Twin  mountain  (see  report  of  last  year,  p. 
-&i  3T3)  to  warrant  any  conoloeion  on  the  exact 
'•S  statigraphio  poBitif>n  of  the  quarteyte.  Unless 
oi  there  be  a  fault  running  east  and  west  through 
^  the  point  which  is  north  of  Animike  bay,  there 
«  are  some  thin  Animike  slates  separating  the  main 
^  gabbro  sheet  from  thia  quartzyte — i.  e.  from 
;^  some  quartzyte  which  is  supposed  to  have  given 
S  origin  to  the  masses  found  on  the  north  side  of 
O    the  point  (1322). 

,g       The  section   represented   in  fig.   11  indicates 
^  the  succession  of  rocks  passed  over  between  Fly- 
ing  Cloud  lake  and  Bingoshick  lake,  sec.  35,  65-5, 
g    except  that  the  gabbro  area  should  be  lengthened 
^    out  and   the  quartzyte   diminished.      Probably 
I   gabbro  occupies  one-half  of  the  whole  distance. 
.Q        In  passing  through  Muscovado  lake,  the  targe 
§    lake  in  sec.   86,   65-5,   we  gave   it   that  name 
><    because  of  the  peculiar  character  of   the   rock 
g    which  forms  all  its  shores.    It  is  represented  by 
s    No.  1347.    It  is  ranch  decayed,  and  finely  granu- 
''^   lar,  having  nearly  the  color  of  muscovado  sugar 
cq    which  last  year  suggested  the  term.     This  color 
.   is  assumed  by  decay,  as  is  shown  by  one  of  the 
•-•   specimens,  the   interior  color   being  gray,  like 
'   ^  real  gabbro.     This  rock  takes  on  a  conspicuous 
bedded  stractnre.     It  sometimes  looks   like  a 
^gmental  schist,  the  beds  being  only  one  or 
two  inches  in  thickness,  and  the  schistosity  be- 
ing fine  and  causing  the  clifi's  to  cramble.     In- 
deed, except  that  all  the  rock  here  is  fine-grained, 
this  region  exhibits  the  repetition,  or  extension  of 
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ihe  phenomena  of  Wilder  lake,  seen  last  year  (15th  report,  p.  350), 

where  there  seems  to  have  been  no  transporting  or  eroding  drift- 
action.  It  is  considerably  higher  than  Bashitanakueb  lake,  perhaps 
75  feet. 

The  laboradorite  rock  on  the  south  side  of  lake  Bashitanakaeb  is 
represented  by  1348.  It  is  similar  to  the  white- weathering  gabbro  of 
I^ittle  Saganaga  lake. 

There  is  a  notable  difference  in  the  manner  of  decay  between  the 

greenstone  and  the  gabbro,  indicating  some  fundamental  difference  in 

orison  and  history.    The  former  makes  a  chlorite,  fissile  schist  and 

disintegrates  (1349).    The  latter  becomes  schistose,  but  not  chloritic. 

It  crumbles  to  pieces  as  its  constituent  grains  are  loosened  and  they 

aeparately  decay,  making  gravelly  soils  in  many  places  which  sustain 

ihe  forests. 
Aboat  Bashitanakueb  lake  are  a  few  foreign  boulders  of  gneiss, 

and  others  are  on  the  portage  northward  to  Eakego  lake. 

GABEHIGHIGAHA  LAKE. — THE  AKIHIKE. 

In  passing  again  round  the  point  in  Gabemichigama  lake  (sec.  82, 
65-5),  which  is  illustrated  in  last  year's  report  (p.  380),  an  opportunity 
was  offered  to  compare  some  of  the  outcrops  on  the  north  side  with 
^me  of  those  seen  further  east,  and  particularly  with  those  at  Chub 
From  this  re-examination  the  conclusion  was  reached  that  the 
seen  in  the  point  are  probably  changed  Animike.  Much  of  this 
rock  is  fine-grained,  and  siliceous,  and  some  of  it  is  plainly  frag- 
nental,  though  now  it  is  mainly  crystalline.  In  its  general  aspect  it 
▼ery  much  resembles  the  rock  1347,  and  may  be  the  same.  In  some  of 
the  fresher  parts  (1350)  it  shows  an  apparent  alliance  with  rock  No. 
Ui5,^that  on  which  the  Pewabic  quartzyte  lies.  At  least,  that  it 
«*nnot  belong  to  the  vertical  slates  (or  the  Kewatin)  is  very  plain.    It 

ft 

18  not  magnetited,  but  it  is  tilted  and  broken,  and  was  probably  once 
^Tered  by  gabbro  which  exists  in  abundance  but  little  further  east, 
And  rises  in  the  hills  that  form  the  main  shore  of  this  part  of  the 
like. 

Still  farther  toward  the  N.  E.,  on  the  S.  W.  i  of  sec  29,  65-5,  just 
^ro88  the  section  line,  is  a  vertical  clifi^,  facing  the  lake,  about  14 
feet  high.  The  evident  sedimentary  bedding  dips  at  an  angle  of  45"^ 
foward  the  E.  40°  N.  This  is  distinctly  sedimentary,  because  frag- 
^ntal,  banded  and  tilted  like  a  sedimentary  rock.  It  is  very  fine- 
ssed generally  (1351),  and  argillaceous,  but  on  some  of  its  weath- 
13 
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ered  surfaces  it  has  a  light  rusty  coating  about  a  quarter  of  an  inch 
thick,  covering  the  pale  bine  within,  as  if  it  were  some  of  the  Ani* 
mike  changed  by  the  process  noted  at  Gunflint  lake,  and  further 
hardened  and  consolidated  by  the  metamorphism  due  to  upheaval 
and  igneous  contact.  Rocks  1352,  1353  and  1354  are  more  coarsely 
fragmental  portions  of  the  same,  1353  being  a  gray  grit,  mainly  feld- 
spathic,  but  with  evident  grains  of  pure  quartz.  Near  the  lake  level 
this  rock  is  immediately  overlain  by  a  small  mass  of  gabbro  in  place. 
Going  still  further  east,  and  northeast,  about  half  a  mile  (in  sec^ 
29,  65-5),  the  gabbro  appears  in  the  highland  extending  north  nearly 
as  far  as  the  north  end  of  the  lake;  but  near  the  lake  a  bold 
bluff  of  hardened  and  tilted  Animike,  dipping  as  stated  toward  the 
east,  runs  northward.  .  This  varies  from  grit  to  blue-black,  siliceous 
rock  (in  some  of  my  earlier  reports  designated  gray  quartzyte^,  and  i» 
fractured  and  twisted  so  as  to  cause  a  curious  mingling  of  fine  and 
coarse-grained  rock.  This  extends  as  far  as  I  went  north.  This  condi- 
tion (except  the  much  broken  stratification)  and  this  rock,  can  easily 
be  recognized  as  a  part  of  the  Animike,  and  this  observation  confirms 
the  doubtful  inference  of  last  year.  I  did  not  follow  it  far  enough 
northward  to  reach  the  belt  of  greenstone  which  supervenes  but  a 
short  distance  further  north.  This  rock  differs  from  the  Eewatin  in 
these  respects:  It  does  not  show  any  vertical  cleavage  and  slatiness,  but 
is  slaty,  where  not  too  much  altered,  in  a  direction  coincident  to  the 
sedimentary  seructure  (1355);  it  dips  in  massive  beds  (resulting  prob- 
ably from  a  consolidation  of  the  original  Animike  slates),  and  in  some 
thinner,  more  coarsely  gritty,  in  a  direction  different  from  anything 
seen  in  the  Eewatin;  it  lies  to  the  south  of  the  great  greenstone  belt; 
it  continually  changes  its  dip  and  strike,  and  it  seems  to  have  an  in- 
sensible gradation  toward  the  so-called  muscovado  rock,  which  itself 
is  both  in  massive  beds  and  in  thin  ones,  and  is  even  seen  to  be  a  pari 
of  the  stratification  in  the  Pewabic  quartzyte,  with  which  the  mag- 
netic iron  ores  are  connected. 

The  hills  about  the  N.  E  extremity  of  Gabemichigama  lake  con- 
sist entirely  of  the  Animike,  fine-grained,  tilted,  fractured,  re- 
cemented,  but  in  general  dipping  northeasterly.  At  the  lake  shore 
these  beds  weather  out  very  rough,  the  siliceous  veins  and  the  harder 
beds  projecting.  In  some  places  they  are  about  vertical,  but  they  vary 
constantly  in  dip  and  strike. 

In  passing  along  the  north  shore  westward,  however,  N.  E.  i  of  sec; 
81,  85-5,  this  rock  becomes  slaty  and  vertical,  and  strikes  N.  W.  by 
compass  (1355).    It  is  bedded  with  rocks  like  1353  and  1354. 


STATE    GEOLOGIST.  91 

All  along  the  N.  shore  from  the  N.  E.  end  of  the  lake  to  about  the 
ceater  of  N.  E.  i  of  sec.  31, 65-5,  these  tilted  slates  and  quartzytes  ex- 
tend, having  a  high   dip  toward  the  N.  E.,  and  finally  becoming 
vertical.     The  shore  line  runs  across  the  strike,  but  not  at  a  right 
allele.     Hence  in  going  west  one  passes  on  to  lower  and  lower  beds. 
At  this  place  the  Ogishke  conglomerate  (1356)  appears  on  the  shore, 
risiDg  in   a  ridge   about  fifty   feet  high,    at  a  few   rods   from   the 
shore.    On  the  beach  it  is  disintegrated  and  hardly  perceptible     The 
dip  of  the  beds  of  quartzyte  and  slate  that  are  interbedded  with  it,  is 
S8°  N.  E.,  and  the  strike  N.  W.     There  is  thus  seen  to  be  undeniable 
graduation  from  the  Animike  into  the  conglomerate.    This  conglomerate 
makes  also  a  snyll  rock  island  near  the  shore.     The  greenstone  hills 
still  rise  to  the  north  of  this.     A  little  N.  E.  from  the  conglomerate 
are  fine-grained  beds  which  on  the  weathered  surfaces  appear  like 
flint  changed  by  weathering,  but  they  are  instead  a  very  fine,  sili- 
ceous, granular  rock.     There  are  different  grades,  about  four  feet  of 
these  flinty  layers  (1357).     The  strike  of  these  beds  from  here  would 
carry  them,  if  continued,  to  the  shores  of  Fox  and  Agamok  lakes 
where  they  were  described  and  illustrated  by  some  figures  in  the  re- 
port of  last  year  (pp.  376-7-8). 

Crossing  the  lake  about  south,  to  where  the  ninth  "Correction  line" 

(also  the  town  line)  intersects  the  shore,  we  found  a  gray  feldspathic 

quartzyte  in  outcrop,  in  beds  from  four  to  ten  inches  thick,  dipping 

about  southeast  at  an   angle  of  about  40°  (1858).     This  may  be  the 

Pewabic  quartzyte,  but  contains  much  more  feldspathic  material  than 

where  it  appears  north  of  Flying  Cloud  lake.     Further,  it  becomes 

coQverted  into  a  biotitic  gneiss  (1359),  in  large  part,  similar  to  that 

seen  on  the  Eawishiwi,  and  in  that  condition  it  acts  like  a  matrix,  rot- 

tii^g  and  crumbling  and  allowing  round  pieces  of  hard  gray  quartzyte 

to  fall  out  and  roll  down  to  the  beach.      On  the  top  of  this  bluff  lies 

gabbro  in  place,  but  the  contact  is  not  visible. 

On  passing  further  along  westward  this  rock  shows  some  evidence 
of  having  been  originally  a  conglomerate,  i.  e.  that  these  gray  ''quartz- 
yte" pieces  are  foreign  pebbles.  They  hence  show  some  kind  of  a 
non*conformity  between  this  biotitic  gneiss  (or  changed  quartzyte) 
uid  tbe  formation  (presumably  the  Animike)  from  which  they  were 
deriYed.  This,  however,  may  be  nothing  more  than  the  disturbed 
condition  incident  to  the  eruption  of  some  of  the  gabbro  sheets  with 
wUch  the  period  of  the  Pewabic  quartzyte  seems  to  have  been  marked. 
Atapoint  little  further  southwest  the  gabbro  comes  down  the  water, 
^d  forms  the  coast-line.     On  a  vertical  cliff  is  a  conspicuous  green 
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coating  (1360),  eTidentlv  a  weather-effect,  from  decaj.  The  scale 
which  coats  the  rock  has  the  hardness  of  4  to  5,  and  is  at  first  white, 
or  becomes  white  when  thickly  accumulated,  although  the  exterior 
surface  is  continuallj  pea-green.  It  does  not  efferreace  in  HCL  It 
maj  result  from  a  change  in  the  menaccanite  of  the  gabbro. 

About  on  the  town  line  between  6i-5  and  6,  sees.  6  and  1,  sooth 
shore  of  Gabemichigama  lake,  is  a  beautiful  basaltic  greenstone  dib 
(1861).  It  is  apparently  not  orer  ten  feet  wide,  and  on  the  side  where 
the  gabbro  which  it  cuts  has  been  carried  away  by  the  lake  it  shows 
the  ends  of  the  basaltic  columns  somewhat  as  represented  by  Notwood 
in  his  lake  Superior  report,  handsomely  piled  op  and  fitted  together. 
The  gabbro  here  is  apparently  affected  by  near  contact^th  the  quartz- 
yte,  and  is  decaying  and  dissappearing,  but  the  dike-rock  is  firm  and 
fresh  efen  to  the  Tery  water. 

The  iron  cliff  on  the  south  side  of  Gabemichigama  lake  rises  about 
40  feet.  It  consists  of  a  moscoTado-qoartxose  rock  perfectly  compar- 
able to  the  beds  seen  at  Chub  lake,  associated  with  the  magnetited 
Pewabic  quartzyte.  It  is  filled  with  minerals  derired  from  the  changes 
eflfected  by  the  gabbro  OTerfiow,  as  supposed.  There  are  glittering 
broad  surfaces,  apparently  of  a  pyroxenic  mineral,  which  in  its  exten- 
tension  embraces  many  small  grains  of  quartz  and  of  magnetite.  In- 
deed, the  upper  part  of  the  cliff  looks  much  like  the  bottom  part  of 
the  gabbro.  It  is  all  impr^nated  with  magnetite,  and  the  compass 
needle  is  useless.  The  sample  obtained  (1862)  came  from  near  the 
top  of  the  cliff,  but  does  not  show  the  coarsely  crystalline  texture  and 
the  crumbling  condition  of  most  of  the  bluff  toward  the  top.  Near 
the  bottom  a  recent  slide  has  exposed  some  firesh  regular  beds  of 
quartzyte  (13S^,>.  When  freshly  broken  these  show  an  essentially 
granular,  quartzose  and  magnetited  composition,  but  also  on  some 
surfaces  a  fibrous,  uniform  cr3rstalline  ouneral  reflects  a  sheen  of  light 
that  indicates  a  common  matrix  for  all  the  grains.  When  partly  de- 
cayed this  matrix  itself  breaks  up  into  grains,  when  the  rock.exhibits 
the  muscoTsdo-characters,  especially  if  the  silica  and  the  magnetite 
fade  out,  and  are  replaced  by  some  feldspathic  ingredient.  Mingled 
with  the  quartz  grains  are  some  of  olirine.  Indeed  this  rock  makes* 
undooltedly,  the  oHrine  rock,  and  affords  the  olirinitic  ore  which  has 
been  ^een  in  many  idaccs  near  the  ncnihem  iK>rder  of  the  gabbro. 
The  ^^neral  dip,  at  this  place  is  nearly  east,  and  at  the  bottom,  where 
it  is  distinct,  in  the  bedded  quart^te  (1S64>  it  is  2»>',  but  generally  in 
^K<»  fMe  of  the  crumbling  clil^  and  where  it  is  hearily  bedded  and 
more  coarsely  crystalline  in  spots,  it  api  eir»  to  be  not  more  than  ten 
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degrees:  mach  of  ibis  rock  might  be  taken  for  rotten  gabbro,  or  bio- 
tite  gneiss. 

A  little  N.  E.  of  the  narrows  of  Gabemichigama  lake,  on  the  south 
shore,  a  banded,  rusty -coated,  coarse,  heavy  quartzyte  appears  (1366). 
It  has  apparently  olivine  as  well  as  magnetite,  and  is  a  part  of  the 
same  beds  as  above  described. 

Just  at  the  entrance  of  the  narrows  are  beds  of  firm,  quartzose 
muscovado  rock  (1366)  embraced  in  the  above^quartzyte,  dipping  S.E, 
the  former  appearing  in  at  least  two  thick  beds  The  Pewabic  quartz- 
yte here  is  rather  quartzose,  and  resembles  the  iron  beds  seen  at  Chub 
lake,  and  on  the  trip  north  from  Flying  Cloud  lake. 

This  quartzyte  strikes  across  the  lake  at  the  narrows,  even  causes 
the  narrows,  and  appears  on  the  west  side,  while  gabbro  takes  its 
place  round  the  southern  shores  of  the  southwestern  bay. 

At  the  near  head  of  the  southwest  bay,  but  on  the  west  side,  is  a 
small  outcrop  of  coarse  conglomeritic  quartzyte,  allied  apparently  to 
the  Ogishke  conglomerate,  but  it  is  overlain  by  a  rotting,  biotitic 
muscovado  form  (of  gabbro  ?),  and  I  could  not  make  out  any  dip.  It 
contains  isolated  pieces  of  finer  rock,  not  argillyte,  but  recalling  in 
some  way  the  argillyte  distributed  in  the  gray  wacke  at  Tower. 

From  a  camp  which  we  made  on  the  west  shore  of  Gabemichigama 
lake,  just  south  and  east  of  the  high  hill  that  rises  from  the  lake 
shore,  an  ascent  of  this  hill  was  made,  and  the  rock  was  carefully  ex- 
amined at  numerous  places,  and  samples  were  taken  at  ten  places 
(1367),  intended  to  show  the  average  character.  At  the  shore  south 
of  the  hill  (in  the  southwest  bay,  already  noted),  is  a  coarse,  though 
greenish,  conglomerate  or  grit.  The  same  rock  is  found  near  the  foot 
of  the  hill  and  at  intervals  all  the  way  to  near  the  summit,  but  it  be- 
comes finer  and  finer,  and  cannot  be  distinguished  in  some  cases  from 
some  of  the  finer  beds  of  the  Animike.  The  whqle  aspect  of  the  hill 
in  its  form,  the  strike  of  the  main  rock  outcrops,  the  confused  ming- 
ling of  structure  and  texture,  is  that  of  an  eruptive  rock,  whether 
from  deep  source  or  not.  The  color  is  dark«  and  at  first  glance  it 
might  be  taken  for  a  greenstone  eruptive.  These  eruptive  features 
are  more  pronounced  near  the  top.  Still,  it  is  of  a  light  green  color, 
and  scarcely  a  sample  can  be  obtained  which  does  not  show  some  free 
rounded  grains  of  silica.  The  whole  rock  appears  somewhat  siliceous. 
Some  of  it  is  dark-blue,  and  fine-grained  as  argillyte.  There  are  occa- 
sional rusty,  or  irony,  patches,  like  the  rusty  patches  seen  iu  the  Anim- 
ike at  Gunflint  lake.  There  are  siliceous  seams  of  the  same  color  as  the 
body  of  the  rock,  but  much  harder  and  finer,  which  on  the  weathered 


94  SIXTEENTH  AKKUAL   REPORT 

surface  give  a  ridged  reticulation  like  that  which  was  photographed 
at  the  west  end  of  Eekekebic  lake  last  year.  Re-examining  all  the 
specimens,  and  comparing  all  the  facts,  I  am  convinced  this  hill  is 
made  up  mainly  of  modified  beds,  perhaps  of  the  Animike,  but  that 
they  have  been  in  almost  a  plastic  slate,  and  probably  toward  the  sum- 
mit were  mingled  with  a  truly  eruptive  greenstone-without  free  silica,  . 
and  without  traces  of  sedimentary  structure  and  composition. 

Ten  samples,  1367,  are  intended  to  show  the  above  mentioned  sedi- 
mentary  characters,  taken  from  the  southern  slope  in  ascending. 

Three  samples,  1368,  show  the  nature  of  the  summit,  being  a  more 
homogeneous,  darker,  medium-grained,  green  rock,  without  very  evi- 
dent free  quartz. 

The  position  of  this  ambiguous  hill  with  respect  to  the  strike  of  the 
Pewabic  quartzyte,  and  its  general  character,  while  comparing  per- 
fectly with  that  seen  north  of  Chub  lake  and  north  of  Flying  Cloud 
lake  (1345),  has  some  evident  features  that  ally  it  with  the  Animike, 
and  tend  to  confirm  the  suggestion,  already  made,  that  the  rocks  1345 
and  1335  are  in*  the  place  of  the  greater  part  of  the  Animike  slates 
and  quartzytes,  but  have  been  modified  either  by  deep-seated  thermal 
agents,  or  by  the  action  of  the  gabbro  overflow,  so  as  to  constitute 
now  almost  a  completely  crystalline  rock.  *  Still  these  rocks  (1367 
and  1345)  di£Fer,  in  that  1345  has  a  tendency  toward  a  fine-grained 
dioryte.  It  will  require  more  examination,  chemical  and  microscop- 
ical, to  determine  the  nature  of  these  rocks  more  exactly,  and  it  is 
only  after  such  discriminations  are  made  that  some  inference  can  be 
drawn  as  to  their  genesis. 

Perhaps  one  of  the  most  important  points  to  be  considered  in  con- 
nection with  this  hypothetical  metamorphism  of  the  Animike  slates 
and  quartzytes  into  the  gray-green  rock  of  this  hill,  and  other  hills 
further  west,  is  the.  disappearance,  otherwise,  of  the  Animike  strata 
in  their  course  westward  from  Gunflint  lake.  It  is  true  that  the  beds 
seen  at  Chub  lake,  associated  with  the  Pewabic  quartzyte,  have  an  ex- 
act agreement  with  some  of  those  seen  at  Gunflint  lake,  but  they  are 
insignificant  in  amount,  the  great  mass  of  the  formation  seen  at  Chub 
lake  being  quartzose  and  quite  different  from  the  most  of  the  Animike 
strata.  The  same  is  true  of  the  section  observed  N.  from  Flying  Cloud 
lake.  In  both  places,  on  the  supposition  that  the  Pewabic  quartzyte 
overlies  the  Animike,  there  is  no  Animike  found  under  it  unless  it  be 
this  rock.  Further,  at  a  point  still  farther  west,  at  the  northeast  ex- 
tremity of  Gabemichigama  lake,  where  the  Animike  formation  can  be 

•,  howeTer,  p.  95;  on  Oguhke  Muncie  lake. 
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recoguiud  again,  the  strata  are  greatly  brokeu,  and  lie  in  discordant 
aod  Turiant  dip  and  strike.  Here  they  can  be  seen,  as  already  noted, 
intcntratified  with  the  Ogishke  conglomerate;  and  in  their  passage 
toward  the  liiUa  west  of  this  lake  they  exhibit,  about  Fox  and  Agamok 
fakei,  some  remarkable  instances  of  fracture  and  metamorphism.  It 
renuiinB  yet  to  atcertain  how  much,  if  any,  of  the  roek  which  here 
constitutes  the  **  greenstone  belt  "  can  be  referred  unmistakably  to  a 
deep^eated  ernptive  origin.  It  should  be  noted,  bowerer,  that  in  this 
statement  is  not  iucluded  the  greenstone  which  becomes  micaceous 
andhombleDdic,  seen  on  the  north  side  of  Quuflint  lake,  and  again 
west  of  that  lake,  which  forma  a  terrane  older  tban  the  Animik«,  and 
also  older  than  the  Eewatin,  and  is  distinguished  as  the  Vermilion 

"With  interraU  of  non-exposure  the  foregoing  rock  (1367)  extends 
along  the  N.  W.  shore  of  Qabemichigama  lake  as  far  as  the  portage 
to  Agamok  lake.  From  there  to  Ogishke  Huncie  lake  is  a  wild  mix- 
ttj  n  of  graywacke,  argillyte  and  flint,  with  patches  of  conglomerate. 
ITbew  are  brnken  confosedly,  dip  in  all  directions  and  at  all  degrees  of 
iz>«Une.  It  is  in  my  opinion  the  Animike  formation.  The  hill  range 
ib  st  includes  the  hill  last  described,  as  well  as  the  Twin  Mts.,  crosses 
tbii route  between  Agamok  and  Fox  iakes,  and  the  only  rock  visible 
is  this  broken  Animike  sort. 

OalSHKB  HnNCIE  LAKE. 

"But  just  before  reaching  the  shore  of  Ogishke  Muncie  take,  not  far 
«aat  of  the  portage  trail,  a  fissile,  schistose  light  green  rock  is  found. 
This  embraces  the  marble,  so-called  (746)  discovered  in  1879,  and 
ssain  further  east  last  year  (1069),  and  belongs  probably  to  the  Ee- 
■^atiuBeriesof  rocks. 

Hiking  a  further  examination  of  this  marble  at  the  point  near  the 
-«•-  E.  end  of  Ogihske  Muncie  lake  where  wa**  obtained  last  year  rock 
10«9  {fitleenth  report  p.  371),  I  find  the  marble  (1369)  including  the 
OtlMr.iehitt  mixed  with  it,  is  about  25  feet  wide,  and  that  it  strikes  N. 
"  E.  The  argillitie  slate  (1370),  lying  next  west,  along  the  lake  (No. 
w  the  diagram  on  p  371),  aud  the  conglomerate  associated  with  it, 
fe  in  the  same  direction.  The  slate  is  vertical,  and  is  due  to  the 
< sedimentary?)  lamination. 

isrfutly  siliceous,  and  Eeema  to  blend  with 

ly^Rt  which  is  included  with  it,  but  many  of 

sty  weathered  surface  are  angular  and 

}  bedded  structure,  nor  any  uniform 
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structure  except  a  coarse  disintegrating  schistosity  which  coincides 
with,  and  causes,  the  strike  of  the  outcrop. 

The  marble,  so-called,  is  in  some  manner  allied  to  the  rock  in  the  hill 
toward  the  S.  E.,  because  small  amounts  (1371)  of  it  are  disseminated 
in  it;  but  these  do  not  extend  far  from  the  main  marble  ridge.  There 
is  a  narrow  yalley  between  the  marble  ridge  and  the  more  eleyated 
shore,  in  which  no  rock  is  exposed. 

The  shore  is  composed  of  the  rock  1068  and  1372.  It  appears  like  a 
massive  dolerjte  in  some  places  and  presents  basaltic  forms;  but  it- 
embraces  numerous  evidences  of  sedimentary  structure  and  origin  for 
the  pebbles,  quartz  grains  and  fragmental  masses  of  strata  embraced 
in  it.  It  is  massive,  basaltically  and  otherwise  jointed,  green,  rough  - 
ened  on  the  weathered  surface  by  the  projecting  siliceous  and  feld* 
spathic  grains,  and  in  some  places  has  a  lighter  green  color.  There 
are  in  it  small  contorted  areas'of  cherty  argillyte  (1373)  which,  weath* 
ering  much  lighter  (a  pea-green,  or  more  nearly  white),  appear  like 
siliceous  veinings.  but  really  exhibit  the  banding  of  weathered,  cherty 
or  flinty  argillyte.  These  are  shaped  about  rounded  areas  as  if  of 
boulders,  but  the  included  boulders  (?)  are  the  same  as  the  main  rock, 
and  comprise  elsewhere,  the  whole  of  it,  but  their  forms  are  not  evi- 
dent. 

In  other  places  this  conglomerate — be  it  igneous  or  changed  sedi- 
mentary,  that's  the  problem — shows  patches  of  what  appears  bedded 
gray  wacke.  One  such  is  14  inches  wide  and  extends  4^  feet  N.  35""  W. ; 
but  it  has  a  feather-edge  caused  by  the  successive  branching  away  and 
disappearance  in  the  matrix  of  the  conglomerate,  of  di£Ferent  layers 
of  itself,  some  of  them  weathering  lighter  colored,  and  all  of  them 
having  a  wavy  structure. 

Traveling  southeastward  (this  is  in  N.  i  of  sec.  24,  65-6)  about  a 
quarter  of  a  mile  away  from  the  lake  shore«  we  find  the  same  greenish^ 
massive  but  indistinctly  conglomeritic  rock  continues.  It  disinte* 
grates,  on  decay,  schistosely,  with  a  siliceous  and  chloritic  matrix.. 
Near  the  place  where  we  turned  back  is  an  area  of  graywacke  and 
slate,  embraced  in  it.  This  runs  diagonally  across  its  own  strike 
about  30  feet,  but  it  changes  its  own  strike  in  that  distance  from  N. 
10*  W.  to  N.  45°  W.  This  is  an  included  mass  and  transported  from 
its  native  place  by  some  agency,  though  perhaps  not  far.  Indeed  it 
may  be  only  a  part  of  a  general  sedimentary  formation  which,  becom- 
ing plastic,  then  compacted  again,  allowed  this  large  fragment  to  keep> 
nearly  intact  its  stratiform  arrangement.     It  is  about  ten  feet  across^ 
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udoneich  side  of  it,  in  the  encloBing  rock  do  structure  csd  be  seen, 
— limpl;  the  formless  thoiig;fa  Bomelimes  boalder-filled  green  rock. 

Od  seuehiDgr  further  this  itratiform  belt,  with  windings  and  oncor- 
formitin  within  itself,  extends  northwestwardly  about  ten  rods,  and 
fulea  ODt.  Along  its  westerly  edge  it  has,  in  some  cases  at  least,  an 
ibniptiud  oon-conformsble  transition  to  the  green  rock,  and  in  other 
eases  the  green  rock  slso  exhibits  a  faint  lining  of  a  remnant  of  atrat- 
iGcition  coatignoua  to  the  line  of  junction,  but  the  directions  of  the 
two  an  apt  to  disagree.  Taken  as  a  whole  this  banded  portion  turns 
gradaiUf  from  N.  10°  W.  to  N.  50°  W.  It  makes  this  grand  swing, 
bnt  in  some  places  it  shows  abrupt  changes  and  discordances, 

la  the  banded  gray-wacken  argillitic  parts  some  of  the  pebbles 
nem  to  have'a  hardened  shelly  exterior,  and  sometimes  two  hardened 
etni  (1374)  as  if  concretionary. 

North  from  this  place,  in  the  narrow  spot  in  sec.  13,  between  Ogish- 
k«  Hgneie  lake  and  the  lake  south  of  Townline  lake,  strikes  a  Kewa- 
tin-like  rock  (1376)  i.  e.  a  schistosely  disintegrating  light'green.  or 
mnetiiiiet  slightly  reddish,  apparently  fragmeutal  rock  containing 
nseh  free  qnartz,  a  phase  of  the  conglomerate.  It  is  mingled  with 
tone  coarse  conglomerate,  and  patches  of  argillyte  and  occasionally 
KenutobaTe  the  character  of  the  silky  poroditic  quartz-free  rock  of 
Stantz  island  at  Yermilion  lake. 

13TS.    Greenish  argillyte  from  the  conglomerate, 

13TT.    Piece  of  a  pebble  from  the  conglomeritic  part. 

1^8.    Rusty  carbonate  appears  in  patches  in  this  rock. 

IngSDaral,  the  green  rock  lying  adjoining  the  ao-called  marble,  de- 
KriW  above,  embracing  conglomeritic  and  brecciated  parts;  also  the 
roch  extending  further  north  (1375 — 1378),  have  their  counterparts  in 
thengioD  of  Tower,  as  described  in  the  last  report,  and  cannot  con- 
■itttotly  be  considered  other  than  parts  of  the  same  formation  (Eewa- 
tin).  All  the  strnctural  features  are  also  seen  about  Tower,  and  east- 
*vd  from  there  toward  Fall  lake.  On  the  other  hand,  this  green, 
trapti  re -looking  conglomerate  has  such  a  close  geographic  relation- 
■bip,  and  so  strong  a  litbologic  resemblance  to  the  pebbly  conglom- 
tot  Twin  Mt.  (1077),  as  well  as  to  the  green  rock  seen  in  the  hill 
of  Oabemichigama  lake  (1367),  and  to  that  seen  about  the  shores 
Frog  Rock  and  Saddle  Bag!)  lakes,  that  they  seem  to  be  necessarily 
rf  the  wme  terrane.  They  cannot,  therefore,  be  modified  portions  of 
'lie  Animike,  because  that  has  been  shown  to  lie  unconformably  on 
tbt  Kevatin.  This  eruptive-looking  conglomerate  cannot,  hence,  be 
^«  >ame  us  the  conglomerate  seen  to  be  interbedded  with  Animike 


'98  SIXTEENTH  ANNUAL  REPORT 

argilljtes  and  quartzytes  at  the  N.  E.  end  of  Qabemichigama  lake. 
There  seem  to  be,  therefore,  two  conglomerates  about  Ogishke  Man- 
<iie  lake,  viz : 

1st.  This  old  eruptive-looking,  massive,  schistosely  weathering  and 
decaying  Ogishke  conglomerate  which  appertains  to  the  Eewatin,  and 
extends  from  Stuntz  island,  in  Vermilion  lake,  past  Ely  (where  it 
was  recently  examined  at  the  Iron  mines)  to  Twin  Mt.  and  Frog  Rock 
lake. 

2nd.  The  Ogishke  conglomerate,  of  later  date«  which  is  interstratified 
with  Animike  argillytes  and  quartzytes,  much  fresher  in  aspect,  very 
siliceous,  evidently  derived  largely  from  the  disintegration  of  the 
other,  unconformable  on  the  other,  but  involved  with  it  in  profound 
fracturing  and  metamorphism. 

Accordingly  it  will  not  be  allowable  to  suppose  that  the  Animike 
strata,  in  their  passage  westward  from  Gunflint  lake  become  converted 
into  the  rock  on  which  the  Pewabic  quartzyte  lies  at  Chub  lake,  and 
northward  from  Flying  Cloud  lake;  but  those  ambiguous  greenstone 
rocks  (1335,  1345  and  1367}  should  be  placed  in  the  eastward  prolonga- 
tion of  the  similarly  ambiguous  greenstone  seen  at  Tower  and  at 
Stuntz  island,  and  perhaps  that  which  causes  the  falls  of  Eawasa- 
chong. 

SADDLE  BAGS  LAKE  AND  FROO   ROCK  LAKE. 

The  former  of  these  names  was  applied  to  a  small  lake  that  lies 
south  of  Townline  lake,  between  Ogishke  Muncie  and  Frog  Rock 
lakes,  suggested  by  its  shape.  This  lake  was  approached  by  a  portage 
<( without  trail)  from  Ogishke  Muncie  lake,  and  about  its  shores  was 
found  a  form  of  greenstone  in  which  are  seen  occasional  traces  of  sed- 
imentation, appertaining,  probably,  to  fragments,  large  and  small, 
which  are  embraced  in  a  once  plastic  matrix,  in  a  manner  similar  to 
that  evinced  by  the  rocks  1372,  1379  and  1380. 

A  similar  rock  environs  Frog  Rock  lake,  but  in  some  places  it  ap- 
proaches a  true  greenstone  (1381).  Going  south  from  Frog  Rock  lake 
to  the  center  of  sec.  19,  65-5,  we  crossed  a  wooded  country  with  oc- 
<;asional  low  ridges  of  greenstone  and  gritty  greenstone,  represented 
by  1382.  At  the  farthest  point  reached  the  rock  1383  appears,  but  it 
is  associated  with  1384  which  is  finer-grained,  in  part,  and  conglom- 
-eritic  in  part,  sometimes  banded,  and  evidently  a  fragmental  phase  in 
the  eruptive-looking  greenstone — conglomerate. 
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IfOTES  MADE  BETWEEN  0GI8HKE  MUNCIE  LAKE  AND  KEKSKEBIO  LAKE. 

At  the  west  end  of  Ogishke  Muncie  lake,  on  the  southerly  portage 
io  Dike  lake,  is  a  dark,  slaty  argillyte  (1385)  on  which  are  fine  ripple 
marks.  These  become  viMible  on  separating  the  fine  laminae  of  the 
«Ute.  This  slate  resembles  that  seen  in  the  Animike.  On  the  edges, 
when  freshly  broken,  it  is  finely  banded  with  sedimentary  colors. 
The  ripple  marks  are  well  formed  and  preserved. 

From  this  point  an  ascent  was  made,  by  Mr,  F.  N.  Stacy,  of  East 
Twin  Mt.<t  and  he  reported  substantially  the  following  results.     The 
position  of  the  mountain  was  ascertained  from  magnetic  observations, 
(  on  a  common  compass  needle,  as  follows : 

The  north  side  of  Little  Saganaga  lake  is  E.  10°  S.  (mag.). 
Camper*s  island  is  N.  20°  E.  (mag.). 

Lake  Saganaga  (a  broad  expanse  of  water)  is  N.  15°  E.  (mag.). 
The  mountain  which  lies  at  the  west  side  of  lake  Qabemichigama 
frocks  1367  and  1368),  which  is  near  the  center  of  sec.  1,  64*6,  ts 
about  due  east  (mag.). 

These  directions  place  East  Twin  mountain  not  far  from  the  center 
•of  sec.  4,  64-6,  nearly  a  mile  further  south,  and  half  a  mile  further 
west  than  was  represented  on  the  geological  map  accompanying  the 
)f  iast  report. 

The  summit  of  the  mountain  is  made  of  the  rock  1386,  a  coarse 
homblendic  greenstone,  resembling  rock  750  (lOtb  report,  p.  97),  but 
which  on  deeper  fracture  appears  to  be  a  titaniferous  gabbro. 

Near  the  top,  but  on  the  body  of  the  hill,  on  the  north  side,  was 
seen  a  finer  greenstone  (1387).  But  further  down  (still  on  the  north 
side),  near  the  bottom  of  the  hill,  it  is  a  coarser  rock  (1388)  of  the 
same  kind  as  1387,  but  not  so  gabbro-like  as  1386;  but  at  the  bottom 
of  the  hill  are  found  both  coarse  and  fine  (1389),  the  coarse  being 
identical  with  1386 
I  According  to  the  observation  made  by  Mr.  Stacy  this  hill  is  set  off 
1  abruptly,  both  topographically  and  lithologically  from  the  following 
ky  a  ravine,  or  series  of  irregular,  branching  valleys.  The  hill  rises 
about  350  feet  above  this  ravine.  The  rocks  that  constitute  the  lower 
hills  on  the  north  side  of  this  ravine  are  in  the  main  an  ambiguous 
freenatone  (1390),  and  seem  to  be  closely  associated,  perhaps  blended 
into,  the  prevailing  sedimentary  rocks  that  are  seen  about  the  S.  W. 
shores  of  Ogishke  Muncie  lake.  These  sedimentaries  consist  of 
<berty  slate,  conglomerate,  &c.  This  lower  hill«range  hides  the  Twin 
jnoontains  from  sight,  from  Ogishke  Muncie  lake,  except  at  the  N.  E. 
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end  of  the  lake,  and  seems  to  be  a  connecting  line  between  the  Twin 
mountains  and  the  hills  immediately  west  of  Gabemichigama  lake.  It 
lies  not  far  north  of  the  Twin  peaks.  Indeed,  Mr.  Stacy  represents 
that  the  peaks  are  simply  higher  parts  of  a  general  hill-range,  cut  off 
by  ravines  from  the  rest  of  the  range,  and  that  in  general,  the  frag- 
mental  rocks  cease  before  reaching  the  ravine  mentioned. 

Rocks  1391,  1392,  1893,  1394  and  1395  represent  the  broken  sedi- 
mentary rocks  intervening  between  the  peaks  and  Ogishke  Muncie 
lake.    No.  1393  represents  several  small  hills,  or  hill  ranges,  a  gritty 
greenstone,  a  modified  sedimentary.    No.  1394  is  chalcedonic  silica, 
and  samples  closely  related,  all  enclosed  in  and  banded  together  in  J 
1393.     These  are  in  three  small  ridges,  successively,  but  the  samples 
are  all  from  the  same  ridge.     The  chalcedonic  silica  seems  to  indicate   i 
the  horizon  of  the  Kewatin,  and  the  iron  ore  here  associated  with  it,, 
although  magnetite,  does  not  preclude  the  parallelizing  of  this  nearly 
with  the  horizon  at  Tower.    No.  1395,  which  is  a  widely  disseminated 
rock,  is  a  greenish  conglomeritic  one,  the  same  as  seen  in  many  places- 
about  Ogishke  Muncie  lake,  a  part  also  of  the  Kewatin,  as  already 
mentioned.     It  is  filled  with  fragmental  material,  but  takes  the  forms 
and  basaltic  habit  of  an  eruptive.    It  seems  to  be  made  up  largely,  in 
some  places,  of  broken  masses  of  older  strata,  as  well  as  of  individual  { 
fragmental  grains,  the  whole  compacted  together  by  a  prevailing  green-* 
ish,  doleritic  matrix. 

The  hill  directly  east  of  Alpha  lake  is  composed  of  hardened  gray* 
wacke  and  slate,  having  a  balsaltic  jointage  (1396).  It  is  cut  near  the 
lake  by  a  green  dike-like  belt  (1397)  but  this  may  be  a  part  of  the  plastic 
sedimentaries,  as  it  is  not  a  persistent  direction.  Macrospically  it 
appears  like  a  diabase,  sparsely  porphyritic. 

KBKEKBBIC  LAKE. 

The  gray  porphyry  (1094)  at  the  S.  W.  cor.  of  sec.  29,  65-6,  rises 
about  100  feet  above  the  lake,  and  composes  the  whole  peninsula^ 
making  a  knob  by  itself.  It  is  very  siliceous  (1398).  It  is  massive, 
or  coarsely  jointed.  The  feldspar  crystals  are  not  alwa^'s  perfect  in 
form,  but  approximate  a  true  crystalline  shape.  They  seem  to  be  of 
orthoclase.  They  weather  red.  The  long  exposed  (or  at  least  the 
burnt)  surface  of  the  whole  rock  becomes  reddish,  but  the  surface 
scales  oS  by  fire  and  keeps  a  fresh  gray  color  exposed.  There  is  in  some 
places  a  prevailing  di^ction — that  of  the  general  strike — seen  in  the 
longer  axes  of  the  crystals.    They  are  also  apt  to  stand  vertical,  edge* 
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wise,  in  the  same  direction.    In  the  rock  are  boulder-forms      These 
are  moat  frequently  of  greenstone,  and  then  they  are  not  porphyritic, 
bat  sometimes  they  are  of  some  rock  which  weathers  a  pinkish  red 
«olor.     They  are  also  of  a  siliceous  gray  rock  resembling  the  matrix 
of  the  porphyry,  but  finer*grained,  and  also  of  other  light-weathering 
kinds.     But  in  the  main  this  is  a  homogeneous  rock.     These  boulder- 
forms  are  by  no  means  a  common  occurence,  at  least  at  this  place. 
Yet  in  other  places  there  is  a  various  distribution  apparent  in  the 
•eiTatmla.    They  are  either  more  conspicuous  and  more  numerous,  or 
elae  less  frequent,  in  rounded  spots;  or  they  stand  out  at  di£Ferent 
angles,  as  if  they  had  been  dependent  on  the  varying  nature,  position, 
structore  or  grain  of  the  enclosing  rock.    This  distribution  and  con- 
"^losed  arrangement  are  so  combined  as  to  bring  out  to  view  indistinct 
oatlinea  of  former  included  boulders.     From  this  I  conclude  that  the 
whole  rock  is  a  modified  condition  of  the  sedimentaries  here  prevalent, 
and  that  it  indicates  what  would  become  of  the  whole  formation  (con- 
glomerate, graywacke,  slate,  chert,  &c.)  if  under  similar  conditions 
the  rearrangement  and  recrystallization  had  been  carried  to  comple- 
tioii— a  syenite  or  a  granite,  at  least  an  acidic  rock.    Here  there  is  no 
Wsic  snrplos  to  give  the  rock  a  doleritic  aspect.     Where  this  has  been 
ikteaae  the  singular,  *' ambiguous  greenstone*'  has  apparently  been 
ikt  product,  a  kind  of  fragmental  basalt. 

This  porphyry  knob  lies  between  two  hardened  graywacke  and  slate 
ridges,  that  on  the  north  being  Mallniann's  peak  and  its  eastern  ex- 
tension, and  that  on  the  south  being  on  the  opposite  side  of  the  lake 
(here  quite  narrow).  It  is  just  east  of  the  great  dike  that  strikes 
across  the  lake  here. 

On  the  south  side,  immediately  opposite  this  knob,  but  a  little 
farther  west,  this  porphyry  is  found  again.  Tbe  specimen  obtained 
O400)  is  from  close  proximity  to  the  greenstone  dike,  but  the  whole 
rock  here  weathers  red  distinctly,  and  also  has  crystalline  hornblende. 
It  seems  as  if  the  fracture  which  gave  exit  to  the  greenstone  may  also 
kave  had  some  agency  either  in  the  protrusion  or  in  the  production  of 
tts  porphyry. 
Tbe  dike  which  crosses  Kekekebic  lake  (1401)  *  forms  two  islands. 
.  He  rock  (1403)  on  the  west  of  the  dike,  on  the  southerly  island, 
while  apparently  a  part  of  the  porphyry  already  mentioned,  is  also  as 
fliinlj  m  part  of  the  red  weathering  gneiss  seen  farther  west  in  the 
idaads  of  this  lake.  The  porphyry  on  the  east  side,  at  this  place,  is 
aotTisible. 

*nvinatk  nport,  n».  an  Md  us. 
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This  gray  gneiss  (1403)  appears  on  the  main  land  a  little  farther 
west;  and  while  weathering  reddish,  showing  its  identity  with  the 
rock  of  the  islands,  it  also  takes  the  characters  of  the  porphyry 
(1400),  including  the  bonlder  forms.  These  forms  are  here  eyerr* 
where  visible,  whether  the  rock  be  gneiss  or  porphyry,  or  porphyritie 
gneiss 

As  a  gneiss  it  shows  a  schistose  bedding  2-4  inches  thick  which,  in 
one  place  at  least,  dips  into  the  lake,  northwardly;  bat  this  bedding 
is  not  of  sedimentary  origin.  It  is  a  layered  manner  of  disintegrate 
ing.     Further  west  it  dips  south,  in  each  case  about  25^ 

Ascending  the  hill,  half  a  mile  from  the  lake,  near  the  center  of 
sec.  31,  65-6,  we  pass  over  first  a  low  ridge  of  this  gray  red-weathering^ 
gneiss,  showing  boulders  included,  the  visible  ones  being  mostly  some 
form  of  greenstone,  and  reach  the  summit  of  a  hardened  graywacke- 
and  slate,  gritty,  greenstone  ridge,  represented  by  rock  1404.  Further 
south  a  higher  hill  rises,  which  was  not  visited.  If  the  succession  ob* 
served  in  the  rocks  of  the  Twin  peaks  be  preserved  here,  this  upper 
ridge  would  be  likely  to  be  of  true  eruptive  greenstone. 

The  point  on  the  N.  W.  i,  S.  W.  i  sec.  31.  65-6,  is  composed  of  two 
rocks.  One  is  1405,  a  quart zose  rock  with  a  fine  porphyritie  tendency^ 
gray  inside,  weathering  reddish-gray  and  disintegrating  with  a  coarse^ 
schistose  decomposition  like  the  gneiss.  This  is  a  phase  of  the  con-' 
glomerate  which  graduates  either  way,  to  the  real  porphyry  or  to  the 
gneiss.  The  other  rock  is  a  conglomerate  (1406)  with  a  green  matrix^ 
It  acquires  outwardly  a  schisto-fibrous  structure  running  E.  20^  S., 
and  in  disintegration  seems  to  become  finel}'  micaceous.  A  little 
further  west,  on  the  point,  this  rises  high,  and  is  basaltic,  very  peb- 
bly,  and  holds  many  jasper  pieces.  On  the  extremity  of  this  point 
which  is  at  the  narrows  of  the  lake,  is  a  gray  porphyry  (1407). 

Stacy  island,  the  easterly  of  the  two,  is  made  up  of  the  conglomer* 
ate  of  the  main  land  opposite,  at  the  bottom,  and  a  hardened  gray* 
wacke,  etc.,  overlying.  But  on  the  north  side,  near  the  water,  the 
rock  has  a  bedded,  acquired,  structure  similar  to  that  seen  in  the 
gneiss  and  porphyry;   but  the  whole  is  greenish  and  not  gray. 

The  island  west  of  Stacy  island  is  composed  of  the  same  gray  por«> 
phyritic  gneiss  (1408).  This  has  orthoclase,  hornblende  and  (black?) 
mica,  and  an  abundant  quartzose  base  remaining. 

The  latter  island  just  west  of  the  narrows,  near  the  north  shore  of 
the  lake,  is  made  up  of  chloritic  schist.  The  sample  (1409)  e«me 
from  near  the  water,  south  side,  while  that  numbered  1410  came  from 
the  top  of  the  same  island.      There  are  15  feet  of  bedded  (sediment- 
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ary)  north-dipping  chloritic  achist  of  this  kind.      The  schistose  fiber 
rnns  (on  the  top)  N.  45°  £.,  aad  Ibe  dip  is  N.  30°  W.,  about  25°.    This- 
illnadily  diaintegrates,  and  as  it  is  found  extensirelj  about  the  N. 
aod  W.  shores  of  this  lake  it  probably  occapies  largely  the  lake  bot- 
tom.   It  seems  at  least  to  occupy  it  at  the  uarrows.     This  soft  rock 
extends  westward  from  here,  so  as  to  enter  the  shore,  and  probably  i» 
the  same  as  the  chlorite  schist  seen  adjacent  to  a  knob  of  porphyry 
lut  year  (15th  report,  pp.  867,  154).     Here  this  green  rock  has  a  dis- 
tinct sedimentary  dip,  as  given,  irhich  precludes  its  being  of  eruptive- 
origiu.    This  bedded  structure  is  visible,  when  freshly  eroded,  on  the- 
uutb  side,  but  is  not  on  weathered  surfaces.     It  is  somewhat  more 
I  lilieeOQs  in  some  beds  (1411)  near  the  middle  of  the  south  cliff.     The 
umple  shows  the  sedimentary  lining.     It  holds,  near  the  bottom, 
mull  rounded  nodu!es  (1412)  of  rock  like  itself,  somewhat  simulating 
"boulders  by  disintegration,"  as  well  as  some  short  lenticular  sheets 
[■  of  finer  rock  not  very  different  from  itself  (1413)  the  last  being  a  part 
I  of  the  bedded  arrangement.     At  the  extreme  8.  W.  corner  oMhe 
[  tiliiid  these  beds  are  conglomeritic  at  the  low-water  line. 

The  smaller  island,  north  of  the  last,  has  a  similar  rock,  but  is  in 
ihcei  abundantly  porphyritic,  and  dips  N.  15°  E.     There  is  another 
[  Mil  rock  island  just  E.  or  N.  E.  of  the  first,  in  which  the  same- 
I  Mk  appears,  but  dips  southerly  at  an  angle  of  about  80°. 

Considerable  search  was  made  for  some  outcrop  of  the  porphyry,  or 

i,  which  would  show  its  exact  stratigraphic  position  with  refer- 

L  ente  tosome  other  member  of  the  series;  but  in  nearly  every  instance 

Ltkeeantact  was  bid  by  forest,  or  by  drift  and  debris;  until  on  coast- 

if;  igaiD  nestward,  near  the  E.^nd  W.  town  Hue.  along  the  south 

I  ^of  Eec.35, 65-7,  at  the  promioent  round  point  of  land  projecting  in  to 

1  tlw  Uke,  B  low  bluff  of  the  porphyry  was  noticed  which  was  under- 

(dby  the  more  rapid  disintegration  of  some  lower  and  softer  rock. 

llmeroas  large  pieces  of  greenish  chloritic   rock,  resembling  the 

^^^P^B  Kliiit  seen  in  the  small  islands  near  the  north  shore  in  the  nar- 

*i  lay  here  on  the  beach,  disrupted  by  frost.     It  required  but  little 

Itb  to  find  that  their  native  place  was  just  under  the  overhanging 

■  of  porphyry,  at  the  water-level.     Rock  1414  represents  different 

IS  of  the  porphyry  in  this  little  cliff,  which  rises  about  ten  feet. 

[  nnek  1415  shows  the  underlying  greenish  (biotitic?)  rock  which  rap- 

I  lilj  me»n  away.    This  greenish  rock  also  spreads  upward  irregularly^ 

t  patcliBs  of  irregular  shape  (1416)  in  the  porphyry,  (the  sample 

an  porphyry). 

iMJnto  the  gneiss  of  the  islands  and  into  the  red. 
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rock  seen  last  year  along  the  S.  W.  shore  of  lake  Eekekebic.    ' 
are  both  conglomeritic. 

This  porphyry  lies  on  the  green  biotitic  schist  (at  least  in  one  p 
whieh  is  so  common  about  the  lake,  and  which  itself  is  bedded, 
mental,  and  becomes  a  conglomerate  that  readily  disintegrates. 

This  porphyry,  and  hence  this  fine,  gray,  red-weatheriug  gueisf 
of  more  recent  date  than  the  green  schist.  If  the  porphyry  hoh 
position  as  overflow  through  the  action  of  eruption,  it  still  may 
condition  of  the  conglomerate  seen  about  Ogishke  Muncie  lake  n 
underlies  the  Animike. 

Here  seems  to  be  an  instance  of  a  gneiss  which  is  not  Lauren 
but  which  has  been  erupted  through  the  Eewatin,  and  is  perhi 
result  of  the  modification  of  a  Eewatin  conglomerate.  It  is  in 
line  of  strike  from  the  coarsely  crystalline  syenite  area  further  sc 
west,  which  appears  on  the  east  side  of  White  Iron  lake,  and  n 
rises  still  further  southwest  and  constitutes  what  is  called,  in  i 
reports,  the  Qiant*s  range,  but  on  which  the  Duluth  and  Iron  K 
railroad  has  a  station  named  "  Messaba  Heights.'*  This  is  an  isoh 
abrupt,  granite  or  syenite  range,  and  evidently  is  of  eruptive  origi 
the  same  sense  that  this  prophyry  at  Eekekebic  lake  is;  an  acid  e 
tive,  later  than  the  Laurentian,  originally  from  some  of  the  strai 
the  earth's  super-crust,  and  not  from  a  deep  source.  It  hence  ma 
on  any  formation  older  than  the  date  of  the  eruption.  The  read 
referred,  in  this  connection,  to  an  other  part  of  the  report  where  8 
observations  at  the  Aurora  mine,  on  the  Gogebic  iron  range, 
stated,  in  which  it  is  also  shown  that  a  conglomeritic  syenite  lie 
some  stratified  sedimentary  beds,  psobably  the  Animike.  He  is 
referred  to  the  fifteenth  report,  pp.  349  and  355,  where  some  other  i 
and  general  considerations  bearing  on  this  origin  of  granites  wil 
found. 

Rock  1416,  a  reddish  porphyritic  gneiss,  the  same  as  1105,  showi 
intergrading  of  the  gneissic,  the  porphyritic  and  the  conglome 
characters  in  the  same  rock. 

This  has  been  called  gneiss  this  year  and  last,  but  it  needs  a  \ 
of  qualification.  It  has  not  the  real  gneissic  structure,  or  folif 
supposed  to  be  due  to  original  sedimentary  bedding.  It  hai 
quired  a  sheeted  structure,  but  in  general  it  is  massive  rock,  shoi 
variations  due  to  the  original  conglomeritic  state  of  its  material 
already  described.  Where  it  passes  into  the  porphyry  it  is  more  ( 
pact  and  more  firm  than  when  it  is  not  porphyritic* 

^The  former  itate  of  thii  rock  hns  been  named  porphyrel  by  my  brother  in  the  flfteenlh  nf 
169. 
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ShiDgwak  island,  (north  of  Animike  island)  is  made  of  the  red- 
feathering,  gneissic  rock  (1417),  but  it  is  clouded  with  the  variations 
^ue  to  the  original  conglomeritic  nature. 

Sometimes  the  red  crystals  run  into  a  greenish  biotitic  rock  (1418), 
which  is  associated  with  the  red  rock,  the  changes  from  one  to  the 
«ther  being,  here,  in  perpendicular  planes. 

The  very  small  island  directly  south  of  Shingwak  island  is  not  red 
weathering,  but  the  rock  is  fine-grained,  greenish -gray,  hardened  gray- 
wacke,  (1419) — with  fine  mica  scales  sparsely  disseminated.  Its  sedi- 
jnentary  bedding  planes  are  distinctly  preserved. 

At  the  west  end  of  Animike  island  there  is  a  conspicuous  dip  of  the 
*' acquired"  bedding  toward  the  north.  While  the  rock  here  is  essen- 
tially all  alike,  yet  some  of  it  does  not  take  a  red  color  in  weathering 
(1420).  I  could  not  discern  any  definite  order  in  this  difference  of  color, 
fitill  the  gray  color  seems  to  prevail  in  the  middle  beds,  and  the  red  at 
ihe  N.  and  S.  parts  of  the  bluff.  The  colors  are  not  distinctly  separ- 
ated. The  acquired  bedding,  in  all  these  islands  seems  to  dip  toward 
ihe  north. 

At  the  S.  W.  end  of  lake  Eekekebic  the  rock  is  greenish  and  mica- 
<;eon8  (1421),  but  it  has  all  the  characters  of  the  chlorite-schist-con- 
glomerate  (1409-13)  seen  in  the  little  islands  near  the  north  shore  at 
the  narrows,  except  that  it  does  not  here  show  such  evident  stratifica- 
tion. The  reason  seems  to  be  that  it  dips  away  from  the  observer, 
and  in  general  away  from  the  lake  along  the  west  shore.  It  appears 
much  like  a  crystalline  rock,  but  it  is  of  fragmental  origin.  At  the 
water-level  are  purgatories  that  are  wought  by  the  water  in  the  softer 
layers,  roofed  over  by  some  of  the  former.  It  has  harder  seams  and 
lumps  that  stand  out  on  the  surface. 

There  are  two  small  islands  south  of  the  point  in  the  W.  part  of 
aec.  3,  64-7.  one  of  which  consists  of  the  same  red  rock  as  the  islands 
further  east.  The  other  consists  partly  of  red  rock  and  partly  of 
green  and  red  (1422).  They  are  all  mingled,  even  the  red  crystals  ap- 
pearing sparingly  in  the  green 

The  tip  of  the  point  consists  of  red  rock  (gneiss)  but  at  the  base,  on 
the  south  side,  are  Animike  slates,  fine,  black,  closely  jointed  and 
hard,  like  the  black  slates,  seen  on  Kekekebic  last  year,  and  being 
identical,  apparently  with  the  Animike  slates  at  Gunflint  lake.  These 
•lates  dip  east  about  75  degrees,  and  their  north-south  strike  continues 
«o  far  as  to  run  along  the  shore  of  the  square  land  projection  which 
is  JQst  north  of  the  small  point,  dipping  still  easterly  and  exhibiting  a 
Jiigii  bold lakeward  front,  characteristic  of  the  hardened  slate  group  on, 

14 
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this  lake.  If  they  continue  far  enough,  with  this  dip,  under  the 
water,  they  must  run  below  the  reddish  rock  of  the  islands.  In  the 
same  way  if  the  dip  of  the  gneiss  in  the  islands  (the  coarse,  acquired 
bedding)  continued  under  the  water,  its  western  portions  at  least 
would  pass  below  these  slates.  But  it  is  certain  that  the  dip  and 
strike  of  the  slates  and  greenish  conglomerate  are  inconstant.  This 
is  shown  by  numerous  observations  already  recorded,  and  it  is  hence 
probable,  that  although  locally  the  gneiss  (or  porphyry)  may  overlie 
the  exhibits  through  the  accidents  of  local  fusion  or  protrusion,  the 
formation  in  general  to  which  the  red  rock  belongs  is  older  than  the 
schist  and  slate,  and  would  be  found  lying  below  it  when  not  so  dis- 
turbed. 

On  the  next,  square,  point  the  dip  of  the  slates  is  N.E.  at  45"^  angle, 
changing  soon  to  35^  But  on  the  north  side  of  the  point,  near  the 
town  line,  but  not  at  the  head  of  the  bay,  the  dip  is  as^ain  S.E. 

At  the  head  of  the  bay,  west  end  of  Kekekebic  lake,  on  the  town 
line,  the  green  schist-conglomerate  (1423)  appears  again,  same  as  seen 
in  the  islands  at  the  narrows;  At  the  water-line  the  weathered  sur- 
face is  roughened  by  numerous  small  knot-like  projections  (1424). 
Some  of  them  take  the  form  of  ridges.  These  projections  make  the 
rock  look  like  a  conglomerate.  The  ridges  are  hardened  seams,  and 
run  in  all  directions.  The  general  structure  is  vertical  and  in  the 
same  direction  as  in  the  islands.  The  rock  is  green.  It  easily  wears 
away,  i.  e.  more  easily  than  the  slates  and  greenish  graywackes;  yei 
it  produces  sharp,  short  points  and  islands  in  the  teeth  of  the  waves. 
At  this  place  no  certain  sedimentary  structure  is  observable,  but  on 
the  north  side  of  the  little  sharp  point  a  sedimentary  lining  is  visible 
in  rock  1423,  showing  a  dip  E.  10°  S.  This  structure  is  like  that  seen 
in  the  islands  at  the  narrows. 

On  the  shore  north  of  this  bay,  and  eastward,  the  same  rock  contin- 
ues, and  dips  S.E.,  until  it  is  cut  by  a  dike  (1425)  on  the  north  side 
of  the  next  bay.  South  of  this  dike  the  green  schist  appears  at  the 
head  of  the  bay,  and  has  coarse  pebbles. 

Crossing  this  bay  and  coming  to  the  point  which  projects  S.W.  to- 
ward its  counterpart  on  the  opposite  side  of  the  bay,  the  slates  and 
chloritic  graywackes  appear  again,  thus  showing  that  in  general  the  green 
pebbly  beds  lie  below  these  slates.  Yet  on  this  point  there  is  a  local  dip 
in  the  slates  toward  the  green  schist  beds;  but  the  dip  varies,  some- 
times being  vertical. 

Next,  further  east,  in  S.  W.  i,  sec.  Z4y  64-7,  on  the  shore  of  Keke- 
kebic lake,  near  the  head  of  the  broad  shallow  bay,  is  an  important 
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yariation.  The  graywackes  vary  to  the  green  beds,  but  are  pebbly 
coDglomeritic.  They  also  show  a  disappointed  struggling  ambition  to 
become  porphyritic.  The  color  is  not  gray,  nor  green,  but  gray- 
green,  and  there  ^re  apparently  a  few  fine  crystals  of  hornblende  in 
some  parts  of  it.  The  reddish  weathering  siliceous  portions  some- 
times are  mingled  distinctly  with  the  softer  greenish  or  grayish  por- 
tions, the  latter  becoming  micaceous  on  decay  (1426).  It  appears  as 
if  the  porphyry,  the  reddish  gneiss,  as  well  as  the  hornblende  porphyry 
of  Mallmann's  peak  (No.  751),  were  intimately  associated  here  in 
embryo,  in  one  and  the  same  rock  with  the  green  schist  conglomerate, 
and  that  by  differentiation  they  could  all  be  brcftight  out,  and  belong 
genetically  to  the  same  formation.  Still  this  commingling  of  char- 
acters is  probably  only  local,  such  as  is  incident  to  the  contact  of  any 
two  formations.  When  it  is  remembered  also  that  the  porphyry  and 
the  gray  gneissic  rock  seem  to  have  been  plastic  since  the  deposition  of 
thi  green  schist  conglomerate,  and  has  been  protruded  through  and 
overlies  it,  it  is  not  only  reasonable  to  expect  that  the  schist  would 
embrace  materials  like  the  original  sediments  of  the  porphyry,  but 
dso  that  the  porphyry  should  enclose  parts  of  the  schist.  In  a  com- 
mon softening  and  metamorphism  the  two  rocks  would  thus  come  to 
show  approximations  in  mineral  characters  toward  each  other  at  thts 
poiuts  of  contact. 

Thence  to  the  portage  going  north  the  same  green,  finely  conglom- 
eritic  rock  continues,  as  noted  last  3'ear. 

Before  leaving  Eekekebic  lake  it  would  be  well  to  group  some  of 
the  recorded  facts  into  general  statements,  and  to  give  some  of  the 
inferences  to  which  they  seem  to  lead.  These  inferences  are  provis- 
ional, and  are  based  on  the  field  observations,  extended  now  over  this 
lake  twice,  but  they  may  have  to  be  modified  when  the  rock  samples 
collected  have  been  subjected  to  thin-sectioning  and  microscopic  in- 
spection. 

There  are,  in  the  main,  but  three  formations  that  are  to  be  consid- 
ered. 

1.  The  changed  conglomerate,  or  porphyrel. 

2.  The  green  chlorite-schist-conglomerate. 

3.  The  black  slate — which  resembles  the  Aniniike. 

The  porphyrel  is  plainly  an  extension  of  the  same  part  of  the 
Ogishke  conglomerate  westward.  The  change  which  converted  tliat 
conglomerate  into  this  acid  eruptive  rock  was  subsequent  to  the  deposi- 
tion of  the  Animike  rocks  and  the  disturbance  that  accompanied  it 

• 

i&Tohed  the  slates  and  other  parts  of  the  Animike.      It  was  perhaps 


108  SIXTEENTH   ANNUAL  REPORT 

cotemporary  with  the  formation  of  the  last  of  the  basic  dikes.  In 
general  the  conglomerate  was  not  much  moved  out  of  its  place, 
but  was  metamorphosed  in  sitUy  in  some  cases  retaining  some  evi- 
dences of  its  mechanical  sedimentary  manner  of  deposition.*  In 
others  it  was  protruded  in  bosses  that  now  rise  bolaly  above  the  gen- 
eral level,  and  in  still  others  was  caused  to  lie  upon  some  parts  of  the 
green  schists  in  the  manner  of  an  overflow  or  laccolitic  eruptive. 

The  green  schist,  which  belongs  apparently  to  a  date  about  the  same 
as  the  Eewatin  portion  of  the  Ogishke  conglomerate,  or  is  its  imme- 
diate successor  and  conformable  upon  it  where  the  contact  is  normal 
is  still  markedly  difftrent  from  it.  It  is  apparently  formed  of  basic 
erupted  materials  in  a  fragmental  condition.  It  received  its  stratified 
arrangement  through  the  agency  of  water.  Volcanic  vents  in  the  im- 
mediate vicinity  must  have  given  origin  to  this  yast  supply  of  basic 
materials.  It  is  to  be  considered,  at  present,  a  part  of  the  Eewatin, 
because  it  is  very  likely  the  same  as  the  **  ambiguous  greenstone  "  on 
the  north  flanks  of  Twin  mountain,  and  in  the  section  seen  between 
Flying  Cloud  and  Bingoshick  lakes — and  that  has  been  excluded  from 
the  Animike  (see  under  Ogishke  Muncie  lake^  p  98). 

The  Animike  slates,  which  are  associated  with  this  green-schist- 
conglomerate  in  the  N.  W.  part  of  the  lake  seem  to  have  been  the 
conformable  successor  to  the  green  schist  so  far  as  continued  aqueous 
deposition  was  able  to  make  conformable  succession.  But  it  is  very 
likely  that  this  succession  would  not  be  found  conformable  in  the  vi- 
cinity of  the  old  volcanic  vents.  There  was  a  great  basic  eruption 
that  separated  the  Animike  from  the  Eewatin.  That  is  evinced  not 
only  by  the  actuality  of  this  fragmental  basic  rock,  but  by  the  exist- 
ence of  mountains  of  truly  eruptive  greenstone  which  show  the  prob- 
able sources  of  the  fragmental  debris.  These  two  greenstones  are 
found  to  lie,  in  every  case,  below  the  Animike,  when  they  are  present; 
at  least  they  intervene  between  the  general  strike  of  the  Animike 
and  that  of  the  Eewatin,  with  the  Animike  dipping  away  from  them. 
The  fragmental  sedimentary  *' greenstone  "  probably  graduates  up- 
ward into  the  Animike  slates,  forming  their  basal  conglomeritic  por- 
tions wherever  there  was  no  break  in  the  sedimentation.  That  part 
of  this  **  ambiguous  greenstone  "  which  consists  of  breccia,  or  con- 
tains masses  of  contorted  strata,  as  described  at  Ogishke  Muncie  lake, 
must  have  been  formed  in  nearer  proximity  to  the  volcanic  vents, 
where  the  succession  of  sedimentation  was  interrupted  by  upheaval, 
fracture  and  overflow. 

♦  Compare  the  15lh  report,  p.  853, 
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PSEUDO-MESSEB   LAKB   AND   WESTWARD  TO   TOWEB. 

In  making  the  portages  from  Kekekebic  lake  toward  Knife  lake,  the 
green  fragmental  schist,  sometimes  fine  and  sometimes  pebbly,  occa- 
sionally twisted  and  deprived  of  evident  sedimentary  structure,  con- 
tinues to  Spoon  lake.  On  the  north  side  of  Spoon  lake,  the  same 
formation  continues,  but  it  is  not  green  and  soft — i.  e.  is  not  so  green. 
It  is  rather  grayish,  and  more  firm,  and  mashed  together  so  that  the 
bedding  planes  appear  occasionally  as  linings.  The  outward  surface  is 
rough  to  the  touch  with  siliceous  grains  and  seams,  and  the  whole 
rock  seems  more  siliceous.  It  is  like  some  brecciated  portions  of  the 
Aniraike  seen  along  the  international  boundary  line  east  of  Gunflint 
lake.  In  this  condition  it  looks  as  if  a  little  more  metamorphism 
would  produce  the  red  fine-grained  gneiss. 

The  rock  forming  the  point,  N.  E.  cor.  sec.  28,  65-7,  in  an  area  of 
Knife  lake  (1428),  is  a  dark  siliceous  slate.  But  the  interesting  point 
iQ  this  rock  is  its  compacted  condition  and  incipient  porphyrization, 
as  well  as  the  slightly  pinkish  tint  which  it  acquires  on  weathered  sur- 
faces. This  is  not  always  dark  within,  but  is  grayish  to  black.  The 
sample  obtained  last  year  a  little  further  south,  nearer  the  portage 
landing,  was  finer  and  black  within. 

We  went  to  Pseudo-Messer  lake  by  a  route  which  crosses  a  part  of 
Hunter's  island.  This  is  a  much  used  trail,  indeed  is  said  to  be  the 
main  route.  It  has  long  been  used.  I  do  not  know  why  the  bound- 
ary was  established,  on  our  maps,  on  the  southern  route  where  more 
portaging  is  necessary  to  reach  Basswood  lake.  Was  it  because  the  U. 
S.  township  surveyors  surveyed  only  to  that  line?  If  so  it  seems  as 
if  the  United  States  has  good  claim  to  land,  up  to  this  old  route,  which 
seems  to  conform  to  the  terms  of  the  Webster- Ashburton  treaty. 

At  the  commencement  of  the  first  portage  on  Hunter's  island  the 
black  siliceous  slates  seen  last  year  (and  again  this)  at  the  point  where 
Knife  lake  is  first  reached  from  Kekekebic  lake,  appear,  dipping  south- 
erly at  an  angle  of  88  degrees,  more  or  less;  and  at  the  summit  of  the 
divide  the  rock  1429  can  be  seen,  which  is  about  the  same  rock  as  at 
the*south  end  of  the  portage,  somewhat  lighter  colored.  Slaty  cleav- 
age here  runs  E.  12°  N.  by  compass,  but  the  sedimentary  dip  is  ob- 
scure. The  slaty  cleavage  dips  at  a  right  angle  with  the  direction  of 
its  strike,  and  the  only  symptom  of  sedimentary  dip  that  can  be  found 
indicates  a  southerly  direction,  amounting  to  88  degrees. 

A  little  below  the  summit,  and  on  the  north  slope,  rather  nearer  the 
lake  than  the  summit,  is  a  dark  gabbro-like  diory te  ( ? ),  No.  1430. 
No  contac   with  the  other  rock  is  visible,  but  it  probably  lies  on  it. 
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It  forms  a  little  ridge  running  S.  SW.,  but  slate  recurs  again  just 
below^  and  continues  to  the  lake. 

The  next  portage  to  Pseudo-Messer  lake  is  a  short  one,  and  at  the 

west  end  No.  1431  appears.     It  is  a  light-green  slate,  rather  firm,  but 

V  showing  a  tendency  to  sericitic  films  between  the  laminsB.     It  has 

considerable  free  quartz  in  macroscopic  grains.    It  resembles  slate 

seen  in  the  Eewatin  about  Long  and  Vermilion  lakes. 

The  point  in  Pseudo-Messer  lake  that  lies  north  from  the  portage 
landing,  on  the  east  side,  (as  extended,  the  U.  S.  survey  lines  would  make 
it,  on  my  plat,  N.E  i  sec.  19),  consists  of  a  slighty  reddish-weathering, 
pyritiferous,  fine-grained  quartzyte,  or  gritty  felsyte,  firm  and  sharp  in 
fracture,  having  no  visible  bedding,  but  looking  like  a  changed  (and 
now  eruptive)  rock  (1432). 

Directly  across  Pseudo-Messer  lake  from  the  portage  landing  occurs 
rock  1433.  It  is  on  two  islands  in  a  bay.  It  is  a  light-green  schist, 
siliceous  with  chalcedonic  silica,  identical  with  some  that  had  been 
described  at  Tower  in  connection  with  the  iron-bearing  rocks.  This 
identity  is  further  indicated  by  the  existence  here  of  small  hematitic 
streaks,  and  jaspilyte,  varying  from  white  to  red  (1434  and  1435)  which 
occurs  in  lumps,  and  in  perpendicular  lenticular  sheets  in  1433,  in  the 
same  manner  as  at  Tower  This  green  rock  is  soft,  schistose  in  the 
direction  E.  20°  N.  and  holds  ''chalcedonic  *'  silica  in  nodules,  also  one 
narrow  belt  of  jaspilitic,  hematitic  quartzyte  about  two  and  a  half 
feet  wide.  Small  pebbles  of  1434,  as  small  as  a  pin-head  are  dissemin- 
ated in  1433.  There  is  a  siliceous  framework  also  in  1433,  apparently 
pervading  it,  that  forms  a  roughness  on  the  weathered  surface,  (com- 
pare the  fifteenth  annual  report  p.  229.) 

It  is  very  evident  from  the  few  observations  that  were  made  on 
Hunter's  island,  that  the  iron  range  of  Vermilion  lake  extends  across 
the  Boundary  waters  and  enters  the  British  territory  on  the  island. 

Through  Sucker  and  Carp  lakes  are  only  seen  exposures  of  argillitic 
slates,  gray  wackes  and  sericitic  schists. 

From  Prairie  portage  to  Opin  Is.,  in  Bass  wood  lake,  sec.  10, 64-10,  the 
rock  has  a  very  uniform  character.  It  is  syenite  varying  to  granite. 
It  is  split  into  sheets  varying  from  one  inch  to  six  inches,  usually 
about  three  inches,  which  are  apt  to  dip  north  or  south,  but  sometimes 
are  nearly  level.  In  addition  to  this  bedding  it  has  a  gneissic  struc- 
ture, thusdifFeriug  from  the  red,  fine  syenite  of  Kekekebic  lake.  It  has 
occasionally  belts  of  dark,  quartzose,  non-crystalline,  or  cryptocrystal- 
line  rock  that  show  distinctly  a  liningdue  to  sedimentation.  These  run 
short  distances.  It  also  holds  patches  and  lenticular  masses  of  granular 
hornblende,  which  is  shown  on  the  sample  (1436)  collected. 
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At  the  S.  E.  end  of  the  portage,  in  S.  E.  i  sec.  6,  64-10,  which  leads 
from  one  part  of  Basswood  lake  to  another,  is  a  rock  (1138)  which 
seems  to  be  simply  a  hardened  i^^raywacke,  appearing  now  like  a  quartz- 
ose  gray  syenite-gneiss,  with  some  chlorite  that  gives  it  color  specks. 
At  the  N.W.  end  of  this  portage  the  landing  is  on  mica  schist,  inter- 
laminated  with  rock  like  1438. 

The  bluff  on  the  right  bank,  just  below  Pipestone  falls,  rises  about 
18  ft.  direct  from  the  water.     It  embraces  three  rocks,  .1439,  1440  and 
1441.   No  1439  seems  to  be  a  dark  hornblendic  greenstone.   It  occurs 
on  the  face  of  the  bluff,  all  about,  and  seems  to  graduate  into  rock 
1440     There  can  be  found  no  direct  transition,  nor  can  it  be  stated 
wbat  the  nature  of  the  change  is  without  microscopic  examination,  as 
the  latter  rock  is  fine  grained,  and  seems  to  prevail  over  all  the  others. 
It  seems  to  belong,  however,  with  the  mica  schists,  but  is  very  firm 
and  shows  mica  very  sparingly.     Rock  1441  is  light-colored,  some- 
what reddish,  coarsely  granular  chlorite  syenite,  or  granulyte.     This 
cots  both  of  the  above  rocks,  running  in  seams  and  veins  about  five 
inches  wide,  nearly  horizontal   along  the  bluff.    It  also  occurs  in 
irregalar  bosses  in  the  face  of  the  bluff,  alongside  of  which  the  rock 
1439  stands  in  a  vertical  plane  of  contact. 

Just  above  the  rapids,  where  was  obtained  in  1878  rock  numbered 
349  from  a  low  bluff  on  the  right  bank,  there  is  now  no  rock  exposed, 
the  drift  having  concealed  it;  but  large  pieces  that  lie  about  are  from 
a  greenish  schist,  and  are  represented  by  1442.  No.  349  is  styled 
peridotyte  by  Dr.  Wads  worth,  of  the  variety  serpentine. 

A  very  similar  schist  (1443),  but  more  shining,  lighter  green,  **tal- 
cose"or  **sericitic,"  is  found  in  abundant  outcrop  at  the  west  end  of 
^kt;  portage  from  Newton  lake  to  Fall  lake.  It  strikes  toward  the 
'^Pperend  of  the  rapids,  at  the  upper  landing,  and  apparently  causes 
tnem.  Its  structure  is  about  vertical,  lenticular-wedged  schistose, 
niaking,  when  weathered,  a  soft  fissile  schist.     Compare  1109. 

At  the  Cooper  claim,  near  the  head  of  the  portage  from  Fall  lake 
to  Garden  lake,  a  late  stripping  east  and  west  reveals  a  run  of  jaspi- 
'yte  which  is  six  or  eight  rods  across,  at  least,  reaching  from  the  west 
portage  trail  to  near  the  river.  It  is  more  or  less  hematitic.  At  the 
^estend  of  the  stripping  the  jaspilyte  is  replaced  by  the  greenstone  of 
thereyion  (999  and  1444). 

At  the  place  called  **Silver  City,**  north  end  of  White  Iron  lake, 
thequartzyte  containing  the  iron  dips,  on  the  north  side  of  the  hill, 
''^'N.,  30°W.  It  is  gray  and  similar  to  the  Chub  lake  quartzy te  (1445). 
[t  reverses  the   needle.     It   contains   thin,   irregular,  green  laminaB 
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in  which  magnetite  seems  to  gather  most  freely,  but  the  ore  is  also 
scattered  in  fine  rhombohedra  in  the  quartzyte  itself.  The  rock  is 
certainly  sedimentary  in  the  direction  stated,  and  thin  slaty  seams 
appear  on  the  north  side,  due  to  that  structure. 

A  little  further  west  the  rock  dips  more  westerly,  and  the  structure 
actually  swings  round  so  as  to  have  an  apparent  dip  S.  W.,  i.  e.,  to- 
ward  White  Iron  lake.  It  is  sometimes  micaceous,  i.  e.,  its  cleaved 
laminae  glitter  ^ith  fine  silvery  scales  which  may  be  chloritic  rather 
than  micaceous,  and  result  from  a  change  of  the  green  schistose  sub* 
stance  that  is  interleaved  with  the  quartz.  Taken  altogether,  the 
formation  is  quartzyte,  some  of  it  being  gray,  granular,  hard  silica, 
and  some  of  it  very  fine-grained  and  schistose.  In  the  latter  case  it  is- 
darker  colored,  the  coloring  ejement  being  apparently  a  fine  acicular 
mineral  which  lies  with  its  longer  axis  parallel  with  the  grain  of  the 
schist,  and  may  be  tremolite.  Eleven  samples  collected  (1146)  show 
different  variations  and  the  associations  of  the  ore. 

The  statigraphic  position  of  this  rock,  and  its  geographic  relations, 
seem  to  conspire  to  ally  it  with  the  Vermilion  series,  i.  e.  the  mica- 
hornblendic  rocks  that  are  associated  with  the  granites  of  the  north 
side  of  Vermilion  lake  and  north  of  Long  lake.  But  the  general  di- 
rection of  strike,  from  the  Animike  ores  west  of  Gunflint  lake  and  its 
mineral  composition  would  allow  of  its  being  a  part  of  the  Pewabic 
quartzyte.  It  lies,  however,  on  the  other  side  of  the  Giant's  range  of 
granite  from  the  Animike  ores  at  Gunflint,  and  its  age  is  probably 
that  of  the  mica-schist.  It  is  the  only  known  iron-ore  locality  in  the 
rocks  of  that  age. 

But  a  short  distance  below  this  mica-hornblende-quartzyte  knob, 
but  on  the  opposite  (N.)  side  of  the  river,  appears  rock  1447  in  a  low 
outcrop.  This  is  a  fine,  fibrous,  greenish  rock  which  at  first  glance  ap- 
pears like  a  diabase,  but  is  in  reality  an  extension  of  the  tremolitic 
(?)  quartzyte  formation  just  described. 

On  the  north  shore  of  Mud  lake,  near  the  west  end  of  the  lake,  bufe 
about  half  a  mile  from  the  lake  (N.  W.  i,  sec.  4,  62-14)  some  recent 
drilling  has  been  prosecuted  with  a  diamond  drill.  The  rock  here  is 
the  **ambiguous  greenstone,*'  with  chalcedonic  silica,  which  accom- 
panies the  ore  at  Tower.  Nothing  but  this  green  rock  (1448)  can  be 
seen  at  the  location,  and  no  rock  at  all  along  the  road  from  the  creek* 
Some  samples  of  the  drill-core  which  lie  about,  consist  of  the  same. 
The  place  is  deserted  at  present.  No  iron  outcrop  could  be  found.. 
Samples  said  to  have  come  from  the  place,  obtained  since  from  Mr.  J. 
C.  Clark,  have  been  analyzed  by  Prof  Dodge  with  the  following  resultst 
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No.  1.  No.  2. 

Silica 21.70  6.26 

Lime 0.21  0.15 

PhoBphorQB 0.17  0.18 

M^cesia traces  traces. 

Hangtnese none  none. 

TiUniom none  none. 

Salphar none  none. 

Hag.  oxide 77.62  92  76 

99.70  98  35 

MeUUiciron 66.21  67.11 

At  the  Stone  mine,  at  Tower,  the  old  excavation  is  being  filled, 
coTeringthe  **dike"  of  jaspilyte,  but  on  re-examination  very  little  more 
coald  be  ascertained  of  its  direction  southwardly  from  the  old  mine. 
Yet  I  became  more  impressed  with  the  probability  of  its  resuming  a 
direction  about  parallel  with  the  direction  of  the  mine  at  a  short  dis- 
tance within  the  south  wall,  in  the  same  manner  as  described  of  No. 
8,  last  year.* 

The  Tower  spur  track  cuts  a  light-green  porody  te,  1450.  This  is 
vainly  massive,  except  that  it  is  basaltically  close-jointed. 

About  five  miles  south-east  from  Tower,  Mr.  Hermann  S.  McMinn 
itt  condncted  an  exploration  for  Messrs.  Andrews,  Chapin  &  Co. 
This  is  on  sec.  2,  61-15.  Some  samples  of  good  magnetic  ore,  said  to 
have  been  derived  from  this  working,  were  shown  at  Tower,  also  some 
samples  of  the  jaspilyte.  Some  of  the  jaspily te  is  gray  and  white, 
with  magnetite  and  pyrite  (1451),  interchangeable  with  jasper  and 
hematite.  Associated  with  the  pyrite  and  magnetite  is  some  graphite 
(1452).  Much  of  it,  so  far  as  explored,  is  in  the  form  of  a  breccia 
temented  by  pyrite,  now  largely  changed  tolimonite. 

OLAQAL  DIRECTIONS   OBSERVED   IN  1887.      BY   N.   H.   WINCHELL. 

Brace,  Ontario,  near  the  old  Bruce  mine,  but  east  of 

it;  ondioryte,  at  the  lake  level S.  10°  W.  (MMg). 

"^ce,  Ontario,  50  feet  above  the  lake,  on  quartz 

'ein  in  dioryte S.  10°  W.  (Mag). 

Tkesialon,  left  bank  of  the  river,  at  the  mouth,  trap 

«)ck _ S.  20°  W.  (Mag.) 

[That  form  of  cross-fracture  glaciation  that  has  been  described  on 
»lie  Pipestone  quartzyte  in  Minnesota  is  here  seen  frequently  on  the 
^rock], 

''^'^th  report,  p.  236,  fig.  4. 
15 
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ThessaloD,  one  mile  S.  E.  from  Little  Rapids,  on 

quartzyte S.  20**  W.  (Mag). 

Thessalon,  crossing  the  last  on  the  same  surfaco S.  30**  W.  (Mag). 

Blind  River,  Ont.,  on  quartzyte S.  28**  W.  (Mag). 

Cascade,  five  miles  south  of  Negaunee,  Mich.,  on 
conglomerate S.  70**  W.  (Mag). 

Lighthouse  point,  Marquette,  Mich.,  greenstone-.S.  25''-28**  W.  (Mag). 

Bessemer,  Mich.,  on  Cupriferous  conglomerate N.  &  S.  (Mag). 

East  end  of  Delta  lake  (west  of  Ogishke  Muncie).. .  .S.  14*^  W.  (Mag). 

Island  in  Pseudo-Messer  lake  (1433),  green  schist .  ..S.  30**  W.  (Mag). 

ROCK  8AMPLB8  OOLLECTBD  TOILLUSTBATB  THB  BEP0BT09  K.  H.  WIKOHBLL, 

IN  1887. 

Samples  from  the  original  Huroftian. 

1148.  Red  quartzyte  from  Port  Finley,  on  the  Canada  side,  north 
•of  St  Joseph's  island. 

1149.  Dioryte,  Bruce;  near  the  old  Wellington  mines. 

1150.  A  fine  diabase  dike  cutting  1149. 

1151.  From  a  great  dike  cutting  1149,  running  N.  and  S. 

1152.  Very  fine  grained,  sometimes  aphanitic  and  nearly  black; 
>near  the  mouth  of  the  Thessalon  river,  west  bank. 

1153.  Coarse-grained,  speckled  on  the  weathered  surface;   same 
place. 

1154.  Coarse-grained,   speckled  on  the  weathered  surface;  same 
place. 

1155.  Medium-grained  and  somewhat  speckled  with   porphyritic 
feldspar,  also  with  a  reddish  vein  of  granulyte;  same  place. 

1156.  Very  fine  grained,  nearly  black;  east  side,  at  the  mouth  of 
the  Thessalon  river. 

1156A.     Nodular,  epidotic,  veined  condition  of  some  of  the  rock  at 
the  mouth  of  the  Thessalon,  on  the  east  side. 

1157.  Massive,  dark  gray,  diabasic,  resembling  some  seen  in  the 
railroad  cut  near  Thompson,  Minn.;  from  east  side  of  the  Thessalon. 

1158.  Epidotic  trap  rock,  same  place. 

1159.  Pitted  and  non-pitted  and  amygdaloidal  rock,  the  amygdules 
being  delessite;  same  place. 

1160.  The  same  rock,  but  having  amygdules  apparently  of  red  fel- 
syte;  same  place. 

1161.  Granulyte,  or  perhaps  properly  a  protogine,  same  place. 
Il»i2.     Gray  quartzyte,  about  a   mile  northwest  from  Thessalon 

village. 
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1163.  Felsitic  qnarfczose  gneiss,  from  a  spur  of  1162,  embraced  be- 
tween two  forks  of  a  dike. 

1164.  From  the  main  dike  catting  1162. 

1165.  From  the  smaller  fork  of  the  same  dike. 

1166.  From  greenish  boulder-like  masses  included  in  1162. 

1167.  Diabase  unconformably  overlying  quartzyte,  four  and  a  half 
miles  northwest  from  Thessalon. 

1168.  Coarse  diabase,  representative  of  the  eruptive  rock  between 
Tbessalon  and  Macbeth's  bay. 

1169.  Pebbly  quartzyte,  4i  miles  N.  W.  from  Thessalon. 

1170.  White,  or  slightly  greenish-white,  quartzyte,  in  the  road  two 
miles  from  the  mouth  of  the  Thessalon  river,  on  the  east  side. 

1171.  Pinkish  quartzyte,  near  Wrn.  Ensling*s  house,  Thessalon 
Tallej,  about  two  miles  west  of  Little  Rapids. 

1172.  Gray,  fine-grained  calcareous  quartzyte,  thin- bedded.  An- 
ioniaP.  0.  at  "the  dump." 

1173.  Sample  of  schistose  slaty  diabasic  rock.  Thessalon  point, 
test  side  of  the  river.     Logan's  '*green  chlorite  slate.** 

1174.  Eruptive  diabase,  mouth  of  Blind  river,  west  side. 
U75.    The  same*from  the  east  side. 

1176.  Quartzyte,  Blind  river,  east  side. 

1177.  The  same. 

1178.  Grayish  red  quartzyte,  very  fine-grained.  Blind  river,  east 
iide. 

1179.  So-called  shaly  portion  of  the  gray  quartzyte  at  the  railroad 
<ot.   Blind  river. 

1180.  Quartzyte,  from  the  outer  point  west  of  the  west  arm. 
Mind  river. 

1181.  Diabase  dike,  cutting  No.  1180. 

1182.  Red  felsyte,  quartzose  with  fine,  scattered  gi^ains;  in  patches 
>*  the  diabase  eruptive;  somewhat  affected  locally  by  contact  with 
tite  basic  eruptive.     R.  R.  cut  on  the  east  side  of  the  Missasaugui. 

1183  Light  greenish  quartzyte,  a  phase  of  the  quartzyte  at  the  R. 
Lcat  on  the  east  side  of  the  Missasaugui. 

U84.  A  condition  of  the  quartzyte  at  the  same  place  in  association 
^the  diabase,  the  quartz  losing  some  of  its  distinctness. 

1185.    The  same,  more  dark. 

U86.    The  same  with  an  orthoclastic  tendency. 

U87.    The  same  converted  to  red  fibro-basaltified  felsyte. 

U88.  The  basic  eruptive  with  red  orthoclase  crystals  disseminated, 
ume  place. 
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1189.  Same  as  the  last,  but  finer-grained,  same  place. 

1190.  Diorjte,  west  side  of  the  Misssasaugui,  at  the  mouth. 

1191.  Fine-grained  gray,  flinty-quartzyte,  showing  an  abrupt  con- 
tact  on  1190. 

1192.  Shows  one  of  the  greenish-weathering,  more  slaty  parts  of 
this  quartzyte  from  the  opposite  side  of  the  river. 

1193.  One  mile  west  of  "the  dump,**  orthoclastic  granulyte. 

1194.  Fine,  gray,  bedded  '*slate,'*  broken  and  again  cemented  by 
many  veins  of  quartz;  sec.  8  Le  Froy;  hardly  slaty,  rust-coated. 

1194A.  Small  bits  from  1194,  showing  black  metallic  oxide,  and 
some  amethystine  quartz. 

1195.  Red  felsyte;  ridge  near  Otter  Tail  P.  0. 

1196.  Gray  quartzyte,  approximating  the  last  in  its  felsitic  aspect- 

1197.  Same  as  the  last,  but  varies  to  a  reddish  quartzyte. 

1198.  Same  as  1196,  but  varies  to  a  gray  quartzyte. 

1199.  From  a  hill  in  line  of  strike  from  1195,  being  a  portion  of 
the  same  ridge  toward  the  N.  W. ;  a  brownish,  red-weathering  felsitic 
rock,  with  a  confused  structure  as  if  originally  a  conglomerate,  con- 
taining  much  free  quartz,  and  finely,  but  sparsely  porphyritic  with 
red  feldspar. 

1200.  Gabbro,  from  near  Otter  Tail  P.  0. 

VJOl,  "Lithographic  stone**;  bottom  land  of  Thessalon  on  Mr. 
Day*s  "limits,"  about  a  mile  below  Otter  Tail  lake. 

1202.  The  same,  showing  free  quartz  in  rounded  grains. 

1203.  Gabbro,  or  dioryte,  similar  to  1200,  about  N.  E.  i  of  sec.  23, 
Plummer. 

120i.  Red  felsyle;  one  mile  south  of  Murray *8  corners,  SE.  corner 
of  sec  2,  Plummer. 

1205.  The  same,  subcrystalline. 

1206.  Fine-grained,  argillitic  slate,  12  rods  S.  W.  from  1205,  forming 
conspicuous  ridges  that  strike  N.  W. 

1207.  Crystalline  condition  of  1205,  a  little  further  N.  W.  from 
1205,  but  in  the  same  ridge  as  1205;  reddish  seynite. 

1208.  Non- weathered  portion  of  the  same  rock  as  1207;  a  gray 
syenite,  or  quartz  dioryte. 

1209.  Grayish-green  *'slate  conglomerate,*'  containing  granite 
pebbles.     Murray's  hill,  at  Murray's  corners. 

1210.  Dike-rock  cutting  1209,  at  Murray's  hill. 

1211.  Reddish  felsitic  quartzyte,  one-half  mile  south  of  Murray's 
corners,  on  Hugh  Matheson's  land. 
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1212.  At  H  miles  S.  W.  from  Otter  Tail  P.  0.,  slate  conglomerate 
lirnilar  to  that  at  Murray's  hill. 

1213.  Quartzyte  interbedded  in  these  slates;  like  1211. 

1214.  Pebble  from  this  slate. 

1215.  From  **the  dump."  Ansonia  P.  0.  the  rock  adjoining  1172, 
oa  the  lower  side,  a  rough,  reddish  felsyte. 

Samples  from  the  Marquette  Region. 

1216.  Micaceous  hematite.  Cascade,  five  miles  south  of  Negaunee. 

1217.  Hematite,  showing  the  bedded  structure,  some  of  the  layers 
l)eiDg  pebbles  of  quartz,  Cascade. 

1218.  Quartz-conglomerate  grit,  unconformable  above  the  ore  beds 
4t Cascade,  upper  portion. 

1219.  The  coarser,  lower  portion  of  the  above  conglomerate, 
irithin  three  feet  of  the  contact  plane. 

1220.  "Chalcedonic  silica'*  from  Palmer  (Cascade). 

1221.  Sample  of  the  unconformable  quartzyte-conglomerate  near 
the  contact  with  the  ore-formation  two  and  a  half  miles  west  of  Ish- 
l^ming,  at  the  old  Saginaw  mine. 

1222.  Same  at  2<>  reds  north,  rising  20  feet  higher. 

1223.  Granular  quartzyte,  one  mile  west  of  Ishpeming. 

1224.  Slaty  rock,  interbedded,  but  overlying  the  last;  slight  expo- 
<Drein  the  road. 

1225.  Two  and  a  half  miles  N.  W.  from  Ishpeming;  a  pebbly 
greenstone,  also  porphyritic,  with,  some  bits  of  broken  schist. 

1226.  Sample  of  the  main  ridge,  from  which  the  last  was  obtained, 
it  the  southeastern  side  of  Deer  lake. 

1227.  Sample  of  tiie  country  schists,  nearly  adjacent  to  the  ridge 
(1226)  on  the  south  side. 

1228.  Purplish  to  reddish,  fine-grained  quartzyte,  at  the  railroad 
««t  a  little  further  west. 

1^9.    Massive,  basaltic  greenstone;  same  railroad  cut. 
1230     Basaltic,  congloraeritic  greenstone;  same  place. 

1231.  Chemical  limestone,  from  the  serpentinous  rocks  at  the 
8ope8gold  mine,  five  miles  N.  W.  from  Ishpeming. 

1232.  Talc,  associated  intimately  with  1231. 

12:h3.  The  rock  of  the  country  at  the  Ropes  gold  mine,  apparently 
tkeaame  as  1225,  r2t^9  and  1230. 

12^A..    Sample  of  the  quartz  vein,  Ropes  mine. 

1234.  Fine-grained  reddish  quartzyte;  east  side  of  the  river  below 
I^ar  lake. 
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1235.  Green  ^'soapstone/*  with  martiie;  Cleveland  mine. 

1236.  Light,  sericitic  soapstone;  Cleveland  mine. 

1237.  Martite,  in  green  ^'soapstone;"  Cleveland  mine. 

1238.  Magnetic  quartz  schist,  passing  to  iron  ore;  Michigamme 
mine. 

1239.  Dioryte,  from  a  knob  near  and  north  from  the  Michigamme 
mine. 

1240.  The  so-called  granite  from  the  range  next  north  of  Michi* 
gamme,  three  feet  from  the  contact. 

1241.  Contact  between  the  quartzyte  and  granite,  the  former 
taking  a  gneissic  structure. 

1242.  Quartzyte. 

1243.  Between  the  conglomerate  and  this  quartzyte  this  rusty* 
green,  micaceo-pyroxenic  material  is  found,  about  three  inches  thick. 

1244.  From  a  dike  14  inches  wide,  cutting  the  granite;  fine* 
grained,  altered. 

1245.  South  from  the  granite  range  on  isolated  crags  of  gray,  fine,, 
siliceous  schist,  and  on  the  upturned  edges  are  weathered  out  the 
forms  of  small,  garnet-like  crystals. 

1246.  Samples  of  this  same  gray  schist,  or  quartzyte,  with  the 
sedimentary  structure  evident. 

1247A      Coarse,  fragmental,  tough. 

1247B.  Hematite,  interbanded  with  impure,  reddish,  chalcedonic 
silica. 

1247C.     Jasper  rock,  banded  and  clouded. 

These  three  change  by  innumerable  gradations  from  one  to  the 
other.     From  the  Swan  mine,  near  Negaunee. 

1248  Greenish  quartzyte  or  graywacke;  near  the  railroad  cut,, 
north  side  of  the  BuflPalo  property,  east  of  Negaunee. 

1249.  Black  slate,  graduating  downward  into 

1250.  A  contorted,  greenish  slate  which  lies,  possibly  UDConform> 
ably,  on  the  slicken'sided  upper  surface  of  1248. 

1251.  From  an  old,  much  changed  dike,  north  side  of  the  Buffalo 
property. 

1252.  Iron-bearing  condition  of  1249,  from  the  north  side  of  the 
railroad,  north  of  the  Buffalo  mine. 

1253  Gray  quartzyte,  that  cuts  off  the  ore  in  the  Iron  Cliffs  mine^ 
near  Negaunee. 

1254.  Nearly  white,  granular  quartzyte,  north  side  of  Teal  lake. 

1255.  Changed  dike,  cutting  1254,  crossed  by  banda  of  color,  due 
to  different  degrees  of  infiltration  of  iron-stain. 
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Samples  from  the  Oogebic  Iron  Range. 

1256.  Alternating  forms  of  the  country  rock,  at  the  Colby  mine, 
near  Bessemer,  Michigan. 

1257.  South  wall,  Colby  mine. 

1258.  Siliceous  slate;   spur  track  from  the  Colby  to  the  Valley 
mine. 

1259.  Sample  of  ore  from  the  stock  pile,  Valley  mine. 

1260.  Hornblende  granite,  south  from  the  Aurora  mine. 

1261.  Gray  quartzyte,  overlain  by  granite,  south  of  the  Aurora 
mine. 

1262.  Quartzyte  slate,  overlain  by  granite,  south  from  the  Aurora 
mine. 

1263.  Black  slate,  from  a  deep  well  drilled  a  short  distance  east  of 
the  Iron  King  mine. 

Samples  from  Minnesota. 

1264.  Oabbro,  on  the  Rove  lake  road,  near  the  south  foot  of  Pine 
monntain. 

1265.  Red  rock,  Brul^  mountains,  north  from  Pine  mountain. 

1266.  From  a  boulder,  N.  E.  i  of  sec.  19,  64-fE. 

1267.  Amygdaloidal    porphyry,   from    boulders,   south    from    th& 
North  Brul^.     [This  sample  seems  to  have  been  lost]. 

1268.  Shows  contact  between  rock  1266  and  the  red  rock. 

1269.  Gabbro-like  rock,  north  side  of  sec.  19,  64-lE. 

1270      Gneiss,  on  the  trail  to  Northern  Light  lake,  a  short  distance 
north  of  North  lake. 

1271.  Oolitic  bloodstone,  from  a  boulder  near  North  lake. 

1272.  Hardened  Aniraike,  at  the  rapids  going  out  from  North  lake. 

1273.  Dense  trap,  just  west  of  the  rapids  last  mentioned. 

1274.  Syenite,  a  short  distance  further  west,  north  shore. 

1275.  Trap  (gabbro),  at  a  mile  west  of  the  entrance  of  the  river  to 
Gunflint  lake,  north  shore. 

1276      Modified  "gunflint**  beds  of  the  Animike,  north  shore  of 
Gunflint  lake. 

1277.  Flint  from  the  Animike,  north  shore  of  Gunflint  lake. 

1278.  Kewatin  schist,  mouth  of  the  creek,  east  end  of  the  long 
bay,  north  side  of  Gunflint  lake. 

1279.  Porphyritic  rock,  associated  with  No.  1278. 

1280.  Probably  an  old  eruptive,  belonging  to  the  Kewatin,  north 
there  of  Gunflint  lake. 
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1281.  Changed  graywacke,   Kewatin;   north  shore  of 
lake. 

1282.  Gray  gneissoid  rock,  slightly  porphyritic,  north  side 
flint  lake. 

1283.  Porphyrel;  bluff,  north  shore  of  Ganflint  lake. 

1284.  Argillitic  slate,  interbedded  with  1283. 

1285.  Argillyte,  bedded  in  the  rocks  1281  and  1282. 

1286.  Some  of  the  changed  gray  wacke,  same  rock  as  1283. 

1287.  The  gray  rock  on  which  the  gabbro  lies;  at  the 
iron  location,  Iron  lake. 

1*288.     Magnetited  gabbro,  Iron  lake,  from  points  west  of 
hew  location. 

1289.  Drift  boulder  of  the  gray  rock  near  the  bottom  of 
mike.     To  find  the  cause  of  the  rusty  coating.    Iron  lake. 

1290.  A  drift  piece  from  the  same  place,  shows  a  possibb 
from  magnetite  to  limonite. 

1291.  Sample  of  the  Iron  lake  ore. 

1292.  Sample  of  the  same  showing  olivine? 

1293.  From  a  boulder.  Iron  lake,  showing  micaceous  co: 
itic  gneiss. 

1294.  Limonitic pebbly  conglomerate,  and  breccia,  on  a 
north  from  Gunflint  lake,  on  the  town  line  (if  extended)  be 
651  and  65-2  W.       . 

1295.  Jaspery  and  flinty  portions  of  the  last. 

1296.  Kewatin  sericitic  schist,  same  traverse. 

1297.  Sericitic  porphyry,  same  traverse. 

1298.  Soft  sericitic  schist,  same  traverse. 

1299.  Micaceous  rock,  interbedded  with  the  Kewatin  schi 
travt-rse. 

1300      Represents  the  hprnblendic  part  of  the  black,  best. 

1301.  Syenite  gneiss,  same  traverse. 

1302.  Gneiss,  or  granite,  end  of  the  same  traverse. 

1303.  Trap  rock  from  a  dike  in  this  gneiss. 

1304.  Shows  a  blending  of  the  characters  of  the  mica  scl 
those  of  the  porphyry. 

1305.  1306,  1307.     Three  different  stages  in  the  change 
black  fine-grained  rock  to  the  rusty  film  characteristic  of  son 
Atiimike. 

1308.  Iron  ore,  near  the  east  end  of  Gunflint  lake,  north 

1309.  A  condition  of  *'muscovado/'  at  the  same  place,  u 
tact  with  the  gabbro. 
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1310.  Brecciated  and  angular  fragments  of  flint  and  other  dark 
rocks,  north  shore  of  Ganflint  lake.* 

1311.  Is  another  stage  of  this  rusting  rock;  effervesces. 

1312.  A  condition  of  the  trap,  at  the  narrows,  black  and  close- 
jointed. 

1313.  Muscoyado-Iike  rock,  west  of  the  narrows. 

1314.  Porphyritic  gabbro,  or  trap,  Animike  bay. 

1315.  Jasper-flint-quartz-magnetite  schist;  shore  south  of  Black 
Fly  bay. 

1316.  Gneiss;  north  side  of  Black  Fly  bay. 

1317.  Enclosed  hornblendic  rock  in  1316. 

1318.  Darker  portion  of  the  gneiss,  at  the  first  falls  north  of  the 
narrows  going  out  from  Gunflini  lake.     (This  sample  was  lost.  > 

1319.  Fine  siliceous  ''muscovado/*  north  side  of  the  point  that 
lies  north  of  the  Animike  bay. 

1320.  Siliceous  ''streamed"  gray  rock,  a  condition  of  1319. 

1321.  Magnetite,  associated  with  1320. 

1322.  Granular  quartzyte,  gray,  in  fallen  masses,  north  side  of  the 
same  point. 

1323.  Gabbro,  at  the  top  of  the  hill  north  of  Animike  bay. 

1324.  Black  slate,  from  near  contact  with  the  gabbro. 

1325.  Ore  with  chert,  &c.     N.  W.  cor.  of  sec.  23,  65-4. 

1326.  Ore  without  chert,  same  place. 

1327.  Underlying  gray  sandrock  or  quartzyte. 

1328.  Gneiss,  from  the  shaft,  N.  W.  cor.  sec  23,  65-4. 

1329.  From  a  dike,  N.  side  of  sec.  22,  65-4. 

1330.  Greenstone,  near  the  quarter  post  between  sees.  20  and  21, 
65-4. 

1331.  Schisted  conditions  of  this  rock. 

1332.  Top  of  the  slope,  same  rock  as  1330. 

1333.  Similar  greenstone,  in  a  ridge  about  30  rods  south  of  the  last. 

1334.  Most  southerly  exposed  part  of  the  same  greenstone. 

1335.  Rock  of  the  hill  north  of  Chub  lake,  a  rather  indefinite 
greenish  rock. 

1336      Iron  ore  from  the  excavation  near  Chub  lake. 

1337.  Pieces  from  greenstone  and  gneiss  pebbles,  below  the  ore. 
Chub  lake. 

1338.  Gray  quartzyte,  associated  with  this  ore. 

1339.  Hornblendic  portions  of  the  strata  associated  with  the  ore 
it  Chub  lake. 

16 
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1340.  Porplish-grajy  vitreoas  quartzyte,  i  mile  west  of  the  ore  pit. 
Cliub  lake. 

1341.  Porphyritic  gabbro  near  the  top  of  the  Pewabic  quartzyte. 
Chub  lake;  interbedded  in  the  quartzyte. 

1342.  Reddish  gneiss,  bat  a  short  distance  north  of  Flying  Cloud 
lake. 

1343.  Pewabic  quartzyie,  sec.  25,  65-5. 

1344.  Gabbro  interbedded  in  the  Pewabic  quartzyte;  sec.  25,  65-5. 

1345.  Same  indefinite  greenstone  as  1335;  from  the  hill  south  of 
Bingoshick  lake. 

1346.  Greenstone,  at  the  south  shore  of  Bingoshick  lake. 

1347.  Muscovado,  from  the  shore  of  Muscovado  lake,  sec.  36,  65-5. 

1348.  Labradorite  rock  from  the  north  part  of  sec.  11,  64-5,  south 
side  of  Bashitanekueb  lake. 

1349.  Talcose  slate,  a  schistose  greenstone,  from  a  fragment  seen 
on  the  portage  from  Eakego  lake  to  Clothespin  lake. 

1350.  From  the  north  side  of  the  point,  sec.  32,  65-5,  Gabemichi- 
gama  lake,  showing  apparently  a  finely  fragmental  condition  of  the 
rock  that  lies  below  the  gabbro. 

1351.  S.  W.  i  sec.  29,  65-5;  fragmental,  sedimentary  tilted  Ani- 
mike. 

1352.  Same  as  1351,  but  coarser. 

1353.  Same  as  the  last,  but  still  coarser,  a  gray  grit. 

1354.  Samples  of  Animike,  obtained  a  little  south  of  the  centre  of 
sec.  29,  65-5. 

1355.  Animike,  from  N.  E.  i  sec.  31,  65-5,  shore  of  Gabemichi- 
gama  lako,  bedded  with  rock  like  1854. 

1356.  At  about  the  center  of  N.  E.  i  sec.  31,  65-5,  Ogishke  con- 
glomerate. 

1357.  Fine-grained  beds,  siliceous,  granular,  a  little  N.  E.  from 
the  last. 

1358.  Gray  feldspathic  rock,  south  shore  of  Gabemichigama  lake, 
where  the  Ninth  correction  line  intersects  the  shore. 

1359.  Biotitic  gneiss,  from  the  same  place  as  the  last. 

1360.  A  little  further  west,  gabbro. 

1361.  About  on  the  town  line  between  64-5  and  64-6  W.,  sees.  6 
and  1,  basaltic  greenstone  dike. 

1362.  Pewabic  quartzyte,  maguetited,  homblendic,  etc.,  from  the 
iron  cliff  on  the  south  side  of  Gabemichigama  lake. 

1863.     From  near  the  bottom  of  the  same  cliff. 

1364.    Also  from  near  the  bottom,  freshly  exposed  by  a  landslide. 
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1365.  A  little  northeast  from  the  ^'narrows**  of  Oabemichigama 
lake;  heavy,  banded,  olivine-bearing  quartzyte. 

1366.  Gabbro,  tine-grained,  just  at  the  entrance  to  the  narrows, 
intei  bedded  with  Animike. 

1367.  Various  samples  obtained  in  the  ascent  of  the  hill  from  the 
shore  of  Gabemichigama  lake,  situated  at  the  west  side  of  the  lake, 
intended  to  show  the  features  that  might  be  considered  of  sediment- 
ary orif^in. 

1368.  Various  samples  from  the  same,  which  seem  to  be  of  true 
doleryte,  from  near  the  summit  of  the  same  hill. 

1369.  So-called  marble,  N.  E.  end  of  Ogishke  Muiicie  lake,  sec. 
Si  65-6. 

1370.  Argillitic  slate,  lying  next  west,  along  the  lake. 

1371.  Sample  of  the  **raarble,**  from  the  hill,  further  east,  in- 
volved with  the  greenstone  conglomerate. 

1372.  Samples  of  the  greenstone  conglomerate,  with  traces  of 
sedimentary  structures,  and  fragments  of  other  strata  involved,  sec.  24, 
65-6,  sliore  of  Ogishke  Muncie  lake. 

1373.  Small  contorted  masses  of  cherty  argillyte  embraced  in  the 
^Mne  conglomerate. 

1374.  Rounded,  concretionary,  or  pebble-like,  small  masses,  re-i 
ambling,  or  suggesting  shells,  seen  on  a  weathered  surface  of  the 
ttme  conglomerate. 

1375.  In  sec.  13,  adjacent  to  the  above,  in  the  narrow  place  be- 
tween Ogishke  Muncie  lake  and  the  lake  south  of  Townline  lake. 
^histosely  disintegrating,  light  green  and  siliceous  condition  of  the 
»me  conglomerate. 

1376.  Greenish  argillyte,  from  this  conglomerate. 

1377.  Piece  of  a  pebble  from  the  conglomeritic  part. 

1378.  Rusty  carbonate,  appears  in  patches  in  this  rock. 

^379.  Gritty  greenstone,  south  end  of  the  east  bag  of  Saddle  Bags 
•^ke,  on  the  town  line  between  65-5  and  6. 

1380.  The  same  from  the  east  side  of  the  east  bag  of  Saddle  Bags 
like. 

^381.    Greenstone  from  the  west  side  of  Frog  Rock  lake. 

1382.    The  same  from  near  the  center  of  sec.  19,  65-6,  south  of 

^  Rock  lake. 
^383.    Greenstone  rock  from  the  center  of  the  same  section. 
^381.   Associated  with  the  last,  interbanded  with  it,  and  finer- 

pained. 
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1385.  Argilljte  showing  fine  ripple-marks,  west  end  of  Ogishke 
Muncie  lake. 

1386.  Rock  from  the  summit  of  the  East  Twin  mountain,  a  coarse 
greenstone. 

1387.  Finer  greenstone,  from  the  north  slope  of  the  same  hill. 

1388.  Coarser  greenstone  again,  nearer  the  base  of  the  main  hill, 
apparently  eruptive  rock. 

1369.     Both  coarser  and  finer,  at  the  bottom  of  the  same  bill. 

1390.  Greenstone  from  the  subordinate,  more  northerly  hill-range. 

1391.  Flinty  quartzyte,  iucipiently  porphyritic;  from  the  same 
suT)ordinate  ridges. 

1392.  Imperfectly  porphyritic  quartzyte,  or  cherty-quartzyte,  and 
black  chert,  same  hill  ran^e. 

1393.  Further  north ;  rock  representing  several  small  hills  or  hill- 
ranges;  a  gritty  greenstone,  a  modiHed  sedimentary. 

1394.  Chalcedouic  silica,  and  samples  closely  related,  all  inclosed 
in  and  banded  together  in  1393.     Same  hills. 

1395.  Congloracritic  **  greenstone,"  showing  some  sedimentary 
structure  of  itself,  a  widely  disseminated  rock,  same  hills. 

1396.  Hardened  and  basaltic  graywacke,  from  the  hill  directly  east 
of  Alpha  lake. 

1397.  Dike  (?)  cutting  the  same,  near  the  lake  shore. 

1398.  Porphyry  (or  porphyrel),  S.  W.  corner  of  sec.  29,  65-6. 

1399.  Weathered  surfaces  of  the  same. 

1400.  The  same  porphyrel,  from  the  south  side  of  the  lake,  in  close 
proximity  to  the  great  dike  of  Kekekebic  lake. 

1401.  The  dike  which  crosses  Kekekebic  lake.  This  forms  two 
islands  in  the  lake 

1402.  The  rock  on  west  of  the  dike  in  the  southerly  of  these  islands ; 
fine,  red-weathering  gneiss.     The  sample  is  gray. 

1403.  A  little  further  west,  the  same  gneiss,  somewhat  approaching 
the  porphyry  1400. 

1404.  Hardened  graywacke-like  greenstone,  from  a  ridge  near  the 
<;enter  of  sec.  31,  65-6. 

1405.  Quartzose  rock  with  a  finely  porphyritic  tendency.  From 
the  point  N.  W.  i,  S.  W.  i  sec.  31,  65-6,  on  the  south  shore  of 
lake  Kekekebic. 

1406.  Greenish-schist  conglomerate,  same  place  as  140.5. 

1407.  Porphyry,  south  shore  of  lake  Kekekebic,  at  the  narrows. 
J408.     Porphyry,  from  the  island  west  of  Stacy  island. 
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1409.    Chloritic  schist,  from  the  litte  island  just  west  of  the  nar- 
rows, near  the  north  shore. 
1410    From  the  top  of  the  same  island;  the  same  rock. 

1411.  From  the  middle  of  the  south  cliff,  same  island;  more  sili- 
ceous, and  showing  sedimentary  banding. 

1412.  The  same,  near  the  water,  having  boulders  of  rock  like  itself. 

1413.  The  same,  with  hard  lenticular  sheets. 

1414.  Near  the  south  side  of  sec.  35,  65-7;  different  forms  of  por- 
phyry in  a  low  bluff  at  the  shore. 

1415.  The  same  place;  the  greenish  rock  underlying  1414. 

1416.  Reddish  porphyritic  srneiss,  showing  the  intergrading  of  the 
goeissic,  the  porphyritic  and  the  conglomeritic  characters  of  this  rock. 

1417.  The  same  rock;  Shingwak  island  (north  of  Animike  I)  in 
Eekekebic  lake. 

H18  From  the  same  island;  the  red  crystals  being  in  bands  that 
tlternate  with  others  of  a  greenish  biotitic  rock. 

1419.  From  a  very  small  island  directly  south  of  Shingwak  island; 
>  fine-grained  greenish  graywacke. 

1420.  West  end  of  Animike  island. 

1421.  S  W.  end  of  lake  Kekekebic;  sec  4,  64-7.  Somewhat  mica- 
W0U8  (biotitic)  conglomeritic. 

1422.  From  a  small  island  south  of  the  point,  west  part  of  sec.  3, 
^7;  a  greenish  rock,  with  sparsely  disseminated  red  crystals. 

^423.    Green  schistose  conglomerate;  at  the  head  of  the  bay  on  the 
^wn  line,  west  end  of  Kekekebic  lake. 
1424     Pebble  like  forms  in  1423. 

1425.  From  a  dike,  north  shore  of  the  same  bay. 

1426.  S.  E.  i  of  sec  34,  64-7,  near  the  head  of  the  broad  shallow 
"V  the  greenish,  graywacke  beds  seem  to  show  a  tendency  toward 
the  characters  of  the  porphyry. 

1427.  Found  on  the  portage  from  Spoon  lake  northward.  A 
fragment  showing  the  **red  rock**  in  veins  cutting  the  biotitic  gneiss. 

1428.  The  rock  forming  the  point  in  Knife  lake  N.  E.  cor.  sec.  28, 
K-7,  a  dark  siliceous  slate. 

1429.  At  the  summit  of  the  divide,  on  the  first  portage  from  Knife 
^  Pseudo-Messer  lake,  siliceous  slate. 

1430.  Gabbro,  a  little  below  the  summit  and  on  the  north  slope, 
^^t  portage. 

1^1.  At  the  portage-landing,  south  side  of  Pseudo-Messer  lake. 
Argillitic  slate. 
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1432.  From  the  point  north  from  the  portage-landing,  on  the  east 
side,  in  Pseudo-Messer  lake.  Reddish-weathering,  pyritiferous  gritty 
felsyte,  firm  and  sharp  in  fracture. 

1433.  Directly  across  the  Pseudo-Messer  lake,  from  the  portage - 
landing,  soft  schistose  greenstone,  with  '^chalcedonic  silica"  and 
jdspilyte. 

1434.  Ghalcedonic  silica,  so-called,  embraced  in  lumps  in  1433. 

1435.  Hematitic  jaspilyte,  embraced  in  the  same. 

1436.  Micaceo-syenitic  gneiss;  sec.  10,  64-10,  Bassi-menan  (or 
Bass  wood)  lake. 

1437.  Mica  schist,  from  S.  W.  i,  sec.  5,  64-10,  long  peninsula  in 
Bassi-menan  lake. 

1438.  Changed  gray wacke,  from  the  S.  E.  end  of  the  portage,  S. 
E.  i  sec.  6,  64-10. 

1439.  Bluff  on  the  right  bank,  just  below  the  Pipestone  rapids, 
greenstone. 

1440.  Fine  mica  schist,  same  bluff. 

1441.  Light-colored,  reddish,  chloritic  granite.    Guts  1439  and  1440. 

1442.  Just  abore  the  rapids,  right  bank,  from  large  pieces  appar- 
ently derired  from  the  bluff,  the  rock  in  sUu  being  hid. 

1443.  Shining  sericitic  schist,  from  the  portage  from  Newton  lake 
to  Fall  lake. 

1444.  Greenstone  that  replaces  abruptly  the  jaspilyte,  at  the  head 
of  tke  portage  from  Fall  lake  to  Garden  lake. 

1445.  Quartzyte,  at  the  place  known  as  Silver  city,  at  the  rapids 
between  Garden  and  White  Iron  lakes. 

1446.  Eleven  samples  showing  the  variations  in  this  rock,  and  the 
associations  of  the  ore. 

1447.  N.  E.  i,  S.  E.  i  sec.  28,  63-12  on  the  north  shore,  not  far 
east  of  Silver  city.  A  firm  dark  rock,  in  some  places  schistose  by 
decay. 

1448.  Greenstone,  N.  W.  i  sec.  4,  62-14.  Recent  drilling  for  iron 
has  been  done  here. 

1449.  White  schist,  (talc?)  from  the  Stone  mine.  Tower. 

1450.  Light-colored,  green  siliceous  rock,  mainly  massive;  cut  by 
the  Tower  spur  track  from  the  mines. 

1451.  A  form  of  the  jaspilyte  that  is  gray  and  white,  with  pyrite 
and  magnetite,  sec.  2,  61-15,  interchangeable  with  jasper  and  hematite. 

1452.  Graphite,  associated  with  the  same. 

1453.  Asbestine  ore.  Black  River  Falls,  Wis.,  associated  with  the 
magnetic  ore  of  the  York  opening. 
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1454.  Asbestine  with  a  fold  in  the  fiber,  Black  River  Falls,  Wis., 
it  the  York  opening. 

1455.  Granite,  near  the  furnace  of  the  York  Iron  company.  Black 
Bi?er  Falls. 

1456.  Gray  jaspily  te,a  form  from  Black  River  Falls,  Wis. ,  just  south- 
west from  ''Mound  No.  1,"  near  the  river,  and  nearest  the  granite. 
The  bedding  is  about  vertical  but  curiously  twisted  and  curled,  strike 
nearly  east  and  west.  This  is  the  most  southerly  point  at  which  (here) 
the  magnetic  quartz-schist  can  be  seeil. 

[Note. — The  "soap  rock"  here  is  the  sericitic  schist,  and  is  ap- 
parently a  rock  with  a  sedimentary  comformability  with  the.  magnet- 
ic schist.  The  magnetic  schist  varies  to  a  hematitic  schist.  It  is 
magnetic  at  the  York  opening,  and  hematitil  at  the  Dubuque.  The 
latter  underlies  the  former,  and  they  both  seem  to  run  below  the 
RTanite  in  the  river  adjacent  at  an  angle  which  is  generally  IS"*,  but  at 
the  York  opening,  near  the  river,  is  no  more  than  2^.  A.  dike  of  rotted 
CTT^nstone  runs  about  E.  and  W.  across  the  mound.  It  is  seen  at  the 
opening  near  the  river,  at  the  west  end,  and  again  at  the  opening 
further  east,  in  a  similar  ore,  cutting  diagonally  across  the  sediment' 
<aiy  structure. 

The  sedimentary  bedding  in  all  the  ''ridges"  containing  iron 
ore  in  the  vicinity  of  Black  River  Falls,  has  a  dip  toward  the  south, 
i.e. toward  the  granite  and  not  toward  the  north  away  from  the 
9^nite.    The  latter  was  reported  by  the  Wisconsin  geologists  ] 

The  following  is  a  list  of  the  specimens  taken  and  described  by  Mr. 
Stacy  to  illustrate  his  excursions  on  the  north  shore  of  Gunflint  lake. 
^e  order  in  which  they  are  numbered  is  that  in  which  they  were 
^iscoTered  in  the  excursion  from  the  lake  shore,  northward. 

BXCUBBION  I. 

1467.  Outcrop  at  water's  edge — fine-grained  light-gray  slate — 
«Wke  E.  IS*'  N.    (This  is  the  true  meridian.) 

U58  30  feet  north  of  shore — coarse-grained  oolitic  slate,  resem- 
Wing  siliceous  gray  wacke. 

1459.  40  feet  north  of  shore — dark  oolitic  slate-— strike  E.  12**  N. 

1460.  400  feet  north  of  shore— dark  siliceous  slate — strike  E.  12°  N. 
^occurs  in  bluflF60  feet  high  and  80  feet  broad  at  summit. 

IWl.  600  feet  north  of  shore — gray  compact  granular  schist,  some- 
what massive  and  finely  oolitic— occurs  interbedded  with  same  slate 
*»1460. 


128  SIXTBEKTH  AKKTJAL  BEPORT 

1462.  1200  feet  north  of  shore— in  blaff  100  feet  high,  black  fi 
grained  slate. 

1463.  Same  location — same  slate  more  siliceous  and  oolitic  ¥ 
specimen  of  trap  in  contact. 

1464.  Same  location — similar  to  1461,  but  coarser,  pebbly,  a  ] 
phyrd  with  grajwacke-like  base:  two  samples. 

1465.  Same  location — trap-like  schist,  greenish -gray,  somen 
sericitic — occurs  irregularly  interbedded  with  1462-3,  and  often 
pearing  to  intersect  more  as  a  dike. 

1466.  Same  location — a  form  of  1465  more  distinctly  laminated 
schistose  resembling  sericitic  schist,  a  weathered  condition  of  146 

1467.  Same  location—^  dark,  tough,  trap-like  rock  occurring 
dikes  with  1462-3,  and  resembling  a  fine-grained  gabbro. 

1468.  Same  location — same  as  last,  finer-grained,  more  weathe 
the  weathered  surface  exhibited. 

1469.  1600  feet  north  of  shore — gray,  compact,  flinty  argillaci 
rock,  schistose  but  unlaminated. 

1470.  Same  location — micaceous  porphyrel  interbedded  with  1^ 
two  specimens. 

1471.  1800  feet  north  of  shore — dark-gray  hydro -mica  schist,  i 
ilar  to  lustrous  graywacke,  like  1470  but  not  porphyritic — occurs 
ter bedded  with  chert  and  slate,  resembling  1462  and  1469. 

1472.  2700  feet  north  of  shore — black  siliceous  slate — occuk 
successive  blu£fs  interbedded  with  a  more  massive  slate. 

1473.  A  porphyrel  which  occurs  with  the  slate. 

1474.  Same  location — massive,  lustrous,  siliceous  slate  in  tl 
laminaD  interbedded  with  1472 — abounds  in  many  blufis  for  a  qua; 
of  a  mile  northward. 

1475-6-7-8.  3500  to  4000  feet  north  of  shore— diflFerent  condition 
apparently  the  same  rock  in  varying  stages  of  decomposition:  1 
being  trap-like,  compact  and  dark;  and  1475  being  light  greenish  gi 
thinly  laminated,  and  apparently  a  hydro-mica  schist. 

The  last  specimens  occur  in  an  immense  bluff  of  from  150  to 
feet  elevation  and  are  irregularly  interbedded  with  the  dark  si 
1472-4.  and  much  contorted  in  places.     The  bluff  at  the  highest  p< 
of.  elevation  is  capped  with  gabbro.     A  swamp  lies  immediately  mc 
of  the  bluff  at  a  descent  of  nearly  200  feet 

EXCUBSION  II. 

Specimen  1479.     50  feet  from  shore — sericitic  micaceous  porphj 
1480.     Same  location — cherty  schist. 
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1481.  Same  location— slate— strike  varies  from  E.  IS""  N.  to  E.  18*" 
N. — Note:  1479-80-1  occar  interbedded  for  600  feet  northward. 

148S-3.  550  feet  north  of  shore — micaceous  sericitic  schist — occurs 
with  1481  and  extends  northward  400  feet,  graduating  into  1484,  &c. 

1484-5-6-7.  800  to  2000  feet  north  of  shore^chloritic,  micaceous 
and  hornblendic  schists,  varying  from  massive  to  schistose  according 
to  weathering,  and  occurring  in  numerous  ridges  and  knolls. 

1488.  Same  location — flint-like  and  massive — occurs  in  ridge  in 
swamp. 

1489.  2500  to  3000  feet  north  of  shore — lustrous,  dark  gray,  mica- 
ceoas  and  sericitic  schist — occurs  interbedded  with  slate  and  chert. 

1490.  Same  location — hornblendic,  trap-like  micaceous  schist, 
pebbly  and  granular — interbedded  in  slate  and  chert. 

1491.  3500  to  5000  feet  north  of  shore — syenitic  porphyrel,  appears 
to  contain  hornblende  and  feldspar  crystals  in  a  sericitic  base — [This 
is  the  beginning  of  the  black  belt  formation]. 

1492.  Same  locations-same  as  1491,  but  more  sericitic  and  schistose. 

1493.  Same  location — hornblendic  and  feldspar  schist. 

1494.  Same  more  micaceous. 

1495.  Black  lustrous  mica  and  hornblende,  fine-grained  schist  like 
that  found  a  mile  east — [This  is  the  black  belt  sought]. 

1496.  Same  as  1495 — showing  contact  with  the  syenitic  porphyrel. 

1497.  Hornblendic,  sericitic  schist. 

1398.     Hornblendic  gneiss,  containing  large  black  crystals. 
1499,     Gneiss. 

1600.    Syenite — mile  and  a  quarter,  or  about,  from  lake. 
Specimens  1491-1499  are  of  one  formation  and  lie  in  successive- 
terraces  and  ridges  for  over  a  quarter  of  a  mile  until  1500  is  reached. 
17 
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PORT   OF   A   GEOLOGICAL    SURVEY    IN    MINNESOTA 
DURING  THE  SEASON  OP  1887. 

UBRAOING  COMPARATIYE  ObSEBVATIOKS  IN  SoMB  OtHBB  RbGFIONS. 

Bt  Albxandbr  WinChell. 


§  1. — PBELIMIKABIE8. 

.— rA€  Regions  covered  by  the  observations  o/1887.  The  first  part  of 
season  was  devoted  to  comparative  observations  in  the  region  of 
typical  Haronian  formatiojis  north  of  lake  Haron;  to  a  review  of 
tious  of  the  Marquette  iron-bearing  region,  a  brief  visit  to  the 
;ebic  range,  and  a  study  of  the  geology  of  the  Penokee  Gap.  These 
lies  upon  territory  already  worked  up,  to  a  considerable  extent,  by 
^rican  and  Canadian  geologists,  seemed  indispensable  to  a  proper 
relation  of  the  rocks  of  northeastern  Minnesota  with  the  facts  ex- 
Qg  in  other  parts  of  the  continent,  and  the  interpretations  which 
been  placed  upon  them  by  preceding  investigators. 
^'ith  this  preparation,  work  was  resumed  in  northeastern  Minne- 
i,  and,  before  the  end  of  the  season,  was  carried  to  the  extreme 
it  of  the  state.  In  reaching  the  meridian  at  which  the  operations 
last  season  were  interrupted  by  the  advent  of  inclement  weather, 
n braced  the  opportunity  to  supplement  and  complete  observations 
some  portions  of  the  territory  covered  by  my  report  of  1886— es- 
ially  in  Burntside,  Basswood  and  Sucker  lakes.  Parts  of  Garden 
'  Were  also  subsequently  reviewed  The  territory  new  to  my  own 
lies  extends  from  Range  7  west  to  Range  5  east,  and  from  Town  64 
th  to  Town  67  north,  and  beyond,  into  Canadian  territory;  or  from 
Western  extremity  of  Knife  lake  to  Grand  Portage  on  the  east,  and 
Northern  shores  of  Saganaga  lake,  on  the  north.  The  actual  ob- 
^tions  extended  into  eighteen  different  townships.  The  following 
the  lakes  whose  shores  were  geologically  investigated : — Burntside, 
^wood  Sucker  and  Garden,  supplementarily ;  Pseudomesser,  Enife, 
'•track.  Oak,  Saganaga,  Red-Rock,  West  Seagull,  Seagull,  Granite, 
•»  Ganfiint,  Loon,  Iron,  North,  South,  Rose  or  Mud,  Rove,  Moun- 
»  Moose,  North  Fowl,  South  Fowl,  Frog-Rock,  Townline,  OgirtiW 
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rDuncie,  Grab,  and  Epsilon  lakes.     The  vicinity  of  the  streams  con- 
necting these  lakes  was  also  studied.     Of  these,  the  Boundary  river, 
flowing  west,  and  Pigeon  river,  flowing  east,  are  the  most  important. 
2. — Conditions  of  the  exploration.    The  mode  of  travel,  as  last  sea- 
son, has  been  by  birch  bark  canoes,  over  the  numerous  lakes  and 
navigable  streams,  and   intervening  portages.      To  accomplish  the 
geological  work  of  the  season,  ninety-six  portages  had  to  be  made, 
aggregating  thirty-eight  miles.     When  the  time  and  labor  necessitated 
by  the  portages  are  considered,  with  the  time  and  labor  occupied  in 
afi^airs  about  camp  and  in  protection  against  bad  weather,  together 
also,  with  the  time  required  for  paddling  several  hundred  miles,  it 
becomes  apparent  that  the  net  time  and  strength  left  for  actual  scien- 
tific work  are  comparatively  meagre.     When  it  is  further  considered 
that  the  actual  work  has  to  be  carried  on,  many  times,  under  most 
difficult  circumstances — over  mountain  precipices,  in  deep,  slippery 
gorges,  along  high  and  almost  inaccessible  cliffs,  under  the  intense 
heat  of  a  summer  sun,  or  the  chilling  effects  of  a  drizzling  rain,  with 
the  haste  sometimes  necessitated  by  an  impending  storm  or  an  ap- 
proaching sunset,  and  all  in  the  midst  of  an  incessant  and  bloody 
conflict  with  the  northern  hordes  of  merciless  insects,  it  must  become 
apparent  that  geological  fieldwork  in  a  region  like  this  is  difficult  and 
fatiguing — far  from  the  summer  pastime  which  is  sometimes  pictured. 
But  though  such  statements  seem  required  for  a  just  appreciation  of 
the  labors  of  the  geologist,  it  must  be  understood  that  his  work  is 
prosecuted  with  a  cheerfulness  and  zeal  inspired  by  a  love  of  nature, 
even  under  her  rudest  aspects,  and   a   thirst   for   knowledge  which 
knoivs  no  discouragement  in  the  pursuit  of  its  gratification.     Of 
peculiar  interest  has  been  the  work  in  northeastern  Minnesota,  since, 
in   addition  to  being  a  field  little  known,  it  promised  to  supply  the 
facts  which  would  point  to  a  final  solution  of  long  pending  geological 
problems. 

3. — Physical  aspects  of  the  region.  No  conspicuous  features  of 
mountain  relief  traverse  the  country,  though  a  low,  interrupted  swell, 
called  the  Giant's  range,  trends  east  and  west  through  the  sixty -fifth 
tier  of  townships,  becoming  most  conspicuous  in  range  4  west,  and 
continuing  eastward  into  Canada;  and  another  series  of  still  higher 
reliefs,  stretching  through  the  south  part  of  tier  65,  and  west- 
ward into  the  north  part  of  tier  64,  is  known  as  the  Mesabi 
range.      This  is  not  the  Mesabi  range  of  the  vicinity  of  Tower.* 

•On  IhflM  raogw,  lee  N.  H.  Wineb«l],  Thirteenth  Ann.  Rep.,  188t,  pp.  80-81. 
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The  Giant's  range  is  formed  by  an  uplift  of  syenite,  which  in  breadth 
stretches  northward  to  the  north  part  of  Saganaga  lake  and  southward 
to  near  Oanflint  lake,  and,  with  a  south  westward  continuation,  which 
will  be  considered  in  due  connection.    The  east-west  ranges  which 
enlminate  in  the  so-called  Mesabi  range  are  formed  of  gabbro,  resting 
chiefly  on  cliffs  of  Animike  slate,  and  their  geology  will  also  be  con- 
sidered in  the  proper  connection.     The  gabbro-crowned  hills  occur  in 
the  eastern  portion  of  the  district  examined,  and  impart  to  it  an  ex- 
ceedingly rugged  character.    The  ranges  present,  generally,  au  abrupt 
descent  along  the  northern  aspect  and  a  gentle  descent  toward  the 
south.     The  northern  slope  consists  mostly  of  a  vertical  precipice  of 
rudely  columnar  gabbro  at  t^e  summit,  with  a  vertical  wall  of  slate 
beneath,  and  a  long  talus  of  fragments  sloping  to  the  water  level. 
The  gabbro  precipice  is  sometimes  fifty  to  one  hundred  feet  high. 
This  measures  the  thickness  of  the  gabbro  covering  the  country.    The 
slate  cliff  has  generally  an  equal  thickness;  and  the  vertical  hight  of 
the  talus  is  even  greater.     Between  the  east-west  ranges  the  little 
lakes  are  lodged  which  supply  the  chief  means  of  communication 
across  the  country.    A  sparse  growth  of  jack  pines  once  covered  these 
gabbro  ranges,  but  at  present  they  are  almost  completely  denuded. 
A  little  soil  is  accumulated  along  the  southward  slopes  of  the  ranges 
tnd  the  northern  lake  borders;  but,  as  a  general  statement,  the  sur- 
face is  rugged  and  uncultivable.     The  regions  of  syenitic  outcrop  are 
even  more  rocky  and  sterile  than  the  gabbro  district.     It  is  impossible 
to  conceive  a  country  of  more  desolate  aspect  than  that  along  the 
rapid   Boundary  river  between  Granite  and   Gunflint  lakes.      The 
entire  region  bordering  Seagull,  West  Seagull  and  Saganaga  lakes  is, 
with  the  exception  of  occasional  small  tracts,  a  continuous,  undulat- 
ing floor  of  shattered  syenite.     The  region  of  Enife  lake,  with  its 
long  arms,  lies  north  and  west  of  the  syenite  of  the  Giant's  range; 
but  the  schists  weather  in  beetling  cliffs  and  rugged  contours,  afford- 
ing but  contracted  space  for  forest  growths,  and  supporting  little  soil 
adapted  to  cultivation.     Still  further  west,  the  physical  features  be- 
come more  subdued,  especially  in  the  parts  underlaid  by  schists;  but 
the  granite  borders  of  Basswood  lake,  like  the  northern  border  of 
Burntside,  still  further  west,  present  a  forbidding  aspect  to  the  agri 
eulturist;  while  along  the  Boundary  river,  northwest  of  Basswood 
lake,  the  granite  region  presents  its  characteristic  barrenness  fully 
developed. 

4. — Aspects  of  the  vegetation.    The  region  between  Fall  lake  and 
Grand  Portage,  and  north  of  Grand  Marais,  is  a  literal  wilderness 
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without  inhabitant,  without  mails,  without  roads,  and  with  onlj  an 
occasional  party  of  Indians  or  explorers,  following  the  ancient  and 
overgrown  trails  of  two  centuries  ago.  Fires  hare  denuded  the  region 
of  its  primitive  forest;  but  the  older  burnings  are  becoming  over- 
grown chiefly  by  dense  thickets  of  the  trembling  aspen  (Populus  ire* 
muloides),  and  in  places,  by  the  white  paper  birch  {Betula  papyrctcea\ 
with  occasional  cherries  (Prunus  pennsylvanica).  Remnants  of  the 
•original  forest  consist  of  white,  Norway  and  Jack  pines,  balsams, 
spruces  and  cedars,  with  intermixtures  of  white  birch,  aspen  and  bal- 
sam poplar  (Popti/u5  bahamifera).  In  very  limited  areas,  the  white 
and  Norway  pines  have  attained  noble  dimensions — especially  along 
the  Pigeon  river.  On  the  portage  between  Rose  and  Rove  lakes,  I 
measured  a  white  pine  three  feet  in  diameter.  Other  large  examples 
of  white  and  Norway  pines  were  scattered  about.  In  the  more  strictly 
granitic  regions,the  Jack  pine  (Pinus  bankswna)  slender  and  mast-like, 
forty  to  sixty  feet  h'gh,  is.  or  has  been,  almost  the  exclusive  occupant, 
maintaining  its  hold  in  situations  where  neither  soil  nor  moisture 
would  seen  accessible.  In  some  districts,  especially  the  syenitic  re- 
gions  along  the  Giant's  range,  where  fires  have  swept  over  the  surface, 
the  skelton  forms  of  the  slender  Jack  pines  still  stand  like  huge  bris- 
tles along  the  crests  and  slopes  of  the  rugged  ridges. 

In  the  soil-covered  tracts,  an  undergrowth  of  striped  maple  {Acer 
.8j)icatum)  frequently  exists,  which  thrives  with  amazing  luxuriance, 
while  in  the  openings,  and  over  many  burned  areas,  the  red  raspberry 
flourishes  and  fruits  in  great  productiveness,  regardless  of  the  stony 
nature  of  the  soil;  and  the  welcome,  unpretentious  blueberry  holds 
possession  of  granitic  and  schistic  knobs,  even  when  deserted  by  all 
other  forms  of  woody  vegetation.  The  raspberries,  during  August 
and  September,  supply  an  abundant  and  very  welcome  article  of  food. 
The  former  are  found  at  the  same  time,  especially  during  September, 
in  all  stages  of  development,  from  the  green  fruit,  just  out  of  flower, 
to  the  ripe  fruit  on  the  same  stem.  This  ever-bearing  variety  would 
seem  to  be  worthy  the  attention  of  horticulturists. 

The  blueberry  (Vaccinium  canadense)  flourishes  with  luxuriance  in 
inverse  ratio  to  the  amount  of  soil.  On  the  most  rocky  hills  it  fruits 
in  such  abundance  as  to  impart  a  blue  aspect  to  a  distant  slope.  At 
Blueberry  rapids,  in  the  Giant's  range,  I  cut  one  stem  with  four 
elongated  clusters  of  large  berries^  and  in  one  cluster  were  seventy- 
two  berries.  On  a  granite  hill  near  the  Pigeon  river,  I  observed  a 
distinct  form  of  blueberry  growing  side  by  side  with  the  ordinary 
form.     Its  bight  was  only  about  two  inches,  and  very  uniform,  but  it 
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bore  abaadant  large  pear-shaped  berries,  somewhat  less  sweet  and 
meaty  than  those  of  the  ordinary  form.  If  this  is  the  dwarf  blue- 
berry (Vaecinium  pennsylvanicum),  the  shape  of  the  fruit  ought  to  be 
mentioned  as  u  characteristic  feature.  I  never  saw  it  in  any  other 
situation. 

Most  of  the  low  grounds  are  occupied  by  the  common  alder  (Alnus 
ririrfi.?),  and  this  hardy  shrub  frequently  overhangb  the  borders  of  the 
lakes  and  streams.  But  a  more  frequent  fringe  of  the  waters  is 
formed  by  a  luxuriant  growth  of  the  fragrant-leaved  bayberry  (appar- 
ently Myricagale)y  which  weaves  a  barrier  almost  impassable.  With 
the  alders,  but  more  generally  grouped  by  themselves,  are  species  of 
willow  not  exceeding  the  alders  in  hight.  Four  species  of  cherries 
have  been  noticed,  of  which  the  wild  red  cherry  (Prunus  pensyha- 
mco)— a  sort  of  choke  cherry ,.is  most  generally  distributed.  The  ra- 
cemed  black  cherry  (P.  virginiana)  having  also  a  choking  quality,  and 
apparently  the  well  known  red  choke  cherry,  is  found  frequently  on 
rocky  taluses;  and  the  fine  large-fruited,  black  dwarf  cherry  (P.  pa- 
mla)  is  occasionally  met  along  the  borders  of  lakes,  keeping  company 
with  Myrica  and  Azalea.  The  sweet  black  cherry  (P.  serotina)  is  oc- 
casionally seen.  The  fire-red  fruit  of  the  mountain  ash  (Pyrus  arbu- 
i^dia)  frequently  gleams  through  the  prevailing  green  and  brown  of 
the  lakeside  foliage;  and  in  the  far  east  and  along  the  Pigeon  river, 
the  high  cranberry  {Fiburnum  opulus)  in  its  fruiting  season  is  sim- 
ilarly conspicuous. 

Among  the  low  herbs,  the  dwarf,  scarlet  fruited  cornel  (Cornus  cana- 
<fei^J5)  is  generally  abundant,  growing. both  in  dry  and  moist  situa- 
tions. With  this,  but  rather  preferring  the  low  grounds,  is  the 
pnrple  fruited  orchid  (pro ba>ly  Platanthera  obtusata).  A  species  of 
blae-flowering  aster  is  very  wide-spread,  often  covering  the  ground, 
wd  the  bristly  sarsaparilla  (Aralia  hispiia)  is  quite  frequently  en- 
eoontered.  Sedges  and  grasses  hold  uplands  sparsely,  but  appropriate 
somewhat  exclusively  the  situations  deficient  in  drainage;  while 
rashes— especially  Juncits  balticus,  flags  (Typha  latifolia  and  Acorus 
udamus),  and  wild  rice  (Zizania  aquatica)  encroach  widely  on  the 
treas  covered  by  standing  water. 

Many  small  tracts  of  deep  and  productive  soil  intervene  between 

dmost  universal  rocky,  or  thinly  covered,  exposures.     At  the  south 

«ndof  the  portage  fron\ South  Fowl  lake,  I  measured,  at  the  end  of 

Augast,  a  Balm  of  Gilead  shoot  of  the  season's  growth,  forty-nine  inches 

inlength.   A  similar  shoot  north  of  Gunflint  lake,  measured  six  feet  and 

tkree  inches.    The  white  pines  already  mentioned  supply  similar  in- 
18 
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dicatioDS.  A  large  tract  of  pasture  laud  and  arable  soil  lies  o: 
Pigeon  river,  in  township  64,  ranges  4  and  5  east;  but  the  gi 
part  of  this  falls  within  the  Indian  Reservation. 

6  — Quadrupeds  and  other  vertebrates.  Among  the  quadrape 
the  region,  the  common  northern  hare  {Lepus  americanus)  is  o 
the  most  abundant;  and,  to  the  skilled  methods  of  trapping  knc 
the  Indian,  yields  a  considerable  supply  of  savory  food,  whil 
white  winter  pelage  is  esteemed  as  material  for  handsome  robes, 
porcupine  {Erethizon  dorsatus)  is  not  unfrequently  met,  and  : 
also  a  coveted  article  of  food.  The  black  bear  {Ursus  amerieam 
an  inhabitant  of  the  region,  and  is  sought,  at  the  suitable  se 
both  for  fur  and  meat.  The  moose  {Alee  americana)  is,  howevei 
large  game  most  pursued,  as  every  part  of  the  animal  is  convert< 
the  Indian  to  some  special  purpose  of  utility.  The  caribou  {Bai 
caribou)  ranks  probably  next  in  esteem  of  the  hunter  and  In 
Besides  these,  the  sly  fox  (Fm/p6?,^  vulgaris)  sometimes  fails  to 
observation;  while  the  Asher  {Mustela pennantii),  the  beaver  (C 
flber),  the  otter  {Lutra  canadensis)  and  the  mink  (PtUorius  i 
supply  evidences  of  their  occupation  of  the  country,  though  se 
seen.  The  muskrat  (Fiber  zibethicus),  on  the  contrary,  is  everyi 
present,  and  does  not  always  take  alarm  with  such  promptness 
escape  observation.  By  far  the  most  abundant  of  all  the  quadrn 
and  most  accessible  to  approach,  is  the  squirrel  of  the  country  ( 
rushudsonius,  but  broadly  white  underneath),  whose  peculiar  anc 
characteristic  chattering  is  heard  everywhere,  as  he  sits  on  a  Hi 
a  log,  dissecting  the  cone  of  the  pine  or  white  cedar  for  the  extn 
of  the  nuts.  But  the  chipmuck  {Tamias  striatus)  is  also  some 
abundant,  and  often  ventures  rashly  into  the  midst  of  the  cai 
gather  up  the  crumbs  from  the  explorer's  repast.  Equally  u 
scions  of  danger,  a  little  field-mouse  sometimes  ventures  nei 
share  with  the  chipmuck  the  waste  of  the  camp.  A  jumping  i 
is  also  rarely  seen.  The  wolf  (Canis  lupus)  and  the  weasel  or  e; 
(Pulorius  erminius)  complete  the  list  of  quadrupeds  which  have 
under  the  observation  of  members  of  our  party.  The  former 
cessively  shy.  but  the  soft-furred  and  handsome  brown  weas 
trades  sometimes  into  the  camp,  and  roguishly  steals  and  bears 
such  bits  of  meat  as  suit  its  palate,  if  left  exposed  to  the  plun* 
The  writer  has  seen  a  bat  occasionally,  having  the  size  and  aj 
ance  of  the  New  York  bat  (Atalapha  noveboracensis). 

The  partridge  is  quite  abundant,  and  supplies  to  the  hunter  a 
delicate  and  savorv  article  of  food.     Wild  ducks,  in  the  seasoi 
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equally    abundant    and    equally    sought.      Hawks  and  eagles  often 

scream  from  their  high  flights  overhead;  and  loons,  as  they  float  past, 

rend  the  air  with  their  unearthly  vocalization.     Crows  and  gulls  are 

few.     The  robin  is  common,  but  lacks  the  strong  utterance  of  the 

:SOutbern  representative  of  the  species.     The  blue-jay  scolds  fiercely 

from  his  dried  tree  trunk,  and  the  interesting  Canada  jay  practices 

the   tricks  of  a  thief  about  the  camp.     The  flicker  screams  from  his 

high   hole,  and  smaller  woodpeckers  enlarge  the  representation   of 

their  family.    The  white-throated  sparrow  sings  mournfully  and  with 

monotonous  sweetness  during  July,  and  loses  his  voice  in  August. 

Some  creepers  and  sparrows  diversify  somewhat  the  avifauna  of  the 

region.     But,  on  the  whole,  the  birds  are  not  numerous.     Reptiles  are 

still  more   infrequent.     I   have   seen   a  small    turtle   (apparently   a 

Chryseinys),  and  an  occasional  garter  snake  {Eutcenia).     Once  I  saw 

for  an  instant  a  livid-dark  salamander,  with  red-striped  tail,  which 

immediately  disappeared  among  stones;  but  among  Amphibians,  the 

freen  frog  (Rana  fontinalis)  and  shad-frog  (Rana  halecina)  are  com- 

Qion  representatives.     I  once  met  on  a  hill,  seventy-five  feet  above 

the  Pigeon  river  and  a  quarter  of  a  mile  back,  a  frog  acting  like  the 

'and  frog,  but  marked  like  the  common  shad-frog  of  the  pools. 

Fishes  appear  to  exist  in  moderate  abundance,  but  the  pickerel  and 
^lack  bass  are  the  only  ones  which  our  trolling  hooks  have  brought  to 
*he  surface.     Small  fry  are  occasionally  seen,  but  their  scarcity  would 
**Hply  the  lack  of  any  abundance  of  other  species  than  those  named. 
^  ^Climate.    Of  the  winter  climate  I  know  nothing  from  observa- 
tion.   The    summer    climate    is    agreeable.     During    two    seasons^ 
*Unny  days  have  been  the  rule.     In  the  former  season,  violent  thunder 
showers  occured  frequently,  and,  for  the  greater  part,  during  the  night, 
III  the  latter  season,  very  few  showers  fell,  and  the  weather  became 
^y.    I  noticed  in  both  seasons,  a  little  tendency  in  August  and  Sept- 
^tnber,  to  settled  cloudiness  and  drizzling  rains.     Two  or  three  times 
Coring  the  past  season,  the  weather  displayed  truly  alpine  characters: 
^tid  this  I  attribute  to  the  considerable  elevation  attained  in  the  region 
^tween  the  sources  of  the  Boundary  andthe  Pigeon  rivers.  The  clouds 
boated  near  the  earth  and  enveloped  us  in  a  chilling  mist      Sometimes 
this  experience  lasted  for  half  a  day;  l^ut  sometimes,  only  during  the 
passage  of  astray  cloud.     During  days  nt  ^time,  squalls  of  fine  rain 
<^ould  he  seen  between  us  and  distant  hills,  almost  continually. 

The  hours  of  sunlight,  in  July  and  August,  are  intensely  hot — 
Specially  in  the  suns  rays;  but  the  declining  sun  is  accompanied  by 
^marked  change  in  the  temperature  of  the  atmosphere;  and  the  nights 
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are  always  cool — generally  cold.  In  such  a  temperature,  the  surface* 
of  the  warm  lake  steams,  and  often  saturates  the  air  with  a  mornings 
fog.  The  frosts,  of  course,  appear  early  in  the  autumn;  and  signs  of 
snow  may  be  seen  in  the  middle  of  September.  With  frosty  nights 
and  some  hard  freezing,  the  weather  continues  fine  till  late  in  Oct- 
ober.    On  the  whole,  the  summer  climate  is  decidedly  agreeable. 

7. — Method  of  operation.  The  observations  have  been  restricted 
chiefly  to  the  lake  shores;  but  the  intention  has  been  to  identify,  and 
if  necessary,  study,  the  rock  at  every  outcrop.  In  most  cases,  a  land* 
ing  was  made;  but  sometimes  an  inspection  and  hammer- test  from 
the  canoe  has  been  sufficient.  Rarely,  in  a  region  of  uniform  char- 
acter, an  examination  at  every  eight  of  a  mile  has  been  deemed  suffi* 
cient.  Many  times,  of  course,  excursions  were  made  inland  from  a 
quarter  of  a  mile  to  two  miles.  This  has  been  done  especially  where 
the  geology  of  some  eminence  seemed  to  be  an  important  object  of 
research.  Thus,  in  connection  with  the  necessary  portages,  a  con- 
siderable knowledge  of  the  country  intervening  between  the  lakes  ha& 
been  obtained. 

All  notes  of  facts  observed  were  made  in  the  field  and  on  the  spot; 
but  frequently,  generalizations  were  written  out  in  camp,  when  a  par- 
ticular section  of  work  bad  been  completed,  and  while  the  facts  re- 
mained in  memory,  even  in  greater  detail  than  could  be  recorded  in 
the  notes. 

8. — Plan  of  the  report.  The  general  plan  is  similar  to  that  of  last 
year.  The  first  part,  after  an  abbreviated  statement  of  the  most  im- 
portant observations  and  results  obtained  outside  of  the  state,  consists 
chiefly  of  a  somewhat  full  detail  of  facts  observed  in  Minnesota,  with 
particular  designations  of  localities.  This,  it  needs  not  be  said,  re- 
sults in  a  presentation  of  little  interest  to  the  general  reader;  but  it 
forms  a  repository  of  precise  facts  for  the  student  and  investigator, 
and  serves  to  place  him,  as  far  as  possible,  in  the  position  of  an  orig- 
inal observer,  with  the  means  of  putting  his  own  interpretation  upon 
the  geology  of  the  region.  The  other  course — I  may  say  the  usual 
course,  supplies  the  reader  with  a  connected  readable  account;  but  it 
is  simply  the  writer's  individual  conception  of  the  facts  and  their 
meaning,  and  furnishes  the  reader  with  little  means  of  judging  for 
himself  of  the  soundness  of  the  writer'.s  conclusions.  It  is  a  method 
which  places  the  judgment  of  the  reader  at  the  disposal  of  the  author 
until  the  latter's  opportunity  for  work  in  the  same  field,  or  for  access 
to  an  exact  statement  of  facts,  enables  him  to  exercise  an  independent 
judgment.     It  is  a  method  which,  for  a  time,  forestalls  criticism  and 


8TATS    6E0L06I8T.  141 

^establishes  the  writer's  conclusions  in  the  opinions  of  his  contempor- 
jiHes;  and  this  may  by  some  be  considered  an  advantage.  There  are 
many  occasions  where  the  writer's  interpretation  of  the  facts  is  all 
that  is  expected  or  proper;  but  I  think  the  geologist  or  the  citizen 
who  well  considers  the  question,  will  admit  that  the  whole  body  of 
facts  accumulated  by  the  State  at  considerable  expense,  and  already  on 
record  in  note-books,  ought  to  be  made  accessible  to  every  citizen  in- 
terested; and  that  the  annual  report  of  work  done  is  the  proper 
receptacle  for  such  facts. 

But  the  writer  would  regard  it  as  extremely  unwise  to  leave  an 
annual  report  restricted  to  an  undigested  statement  of  details.  The 
general  reader  requires  a  digested  and  systematized  account  of  the 
meaning  of  the  facts;  and  the  person  who  accumulated  them  stands 
in  a  more  favorable  position  than  any  mere  reader  to  supply  such  ac- 
count. Accordingly,  the  second  part  of  the  present  report  is  a  state- 
ment of  the  observer's  own  conception  of  the  meaning  of  the  facts 
observed.  This  part  only  is  addressed  to  the  general  reader.  Perhaps 
this  part  should  have  been  placed  first,  and  the, details  on  which  it  is 
based,  afterward.  But  I  see  no  adequate  reason  for  disregarding  the 
logical  order,  which  ranges  facts  first  and  their  interpretation  later. 

The  work  of  the  past  season  has  completed  a  careful  reconnoissance 
of  the  northeastern  part  of  the  state  by  the  present  writer.  He  is  now 
in  position  to  join  the  facts  collected  in  1886  with  those  collected  in 
1887,  and  attain  to  a  somewhat  complete  view  of  the  geology  of  that 
most  interesting  region.  He  has,  therefore,  permitted  himself  to  con- 
clude the  present  report  with  a  presentation  of  those  general  and  tax- 
onomic  conclusions  which  have  been  suggested  by  the  writer's 
personal  investigations. 

9. — Localities  and  rock  numbers.  As  heretofore,  the  writer  has  en- 
deavored to  ascertain  the  precise  locality  of  every  observation 
recorded;  and  this  of  necessity  has  been  indicated  in  the  report.  It 
would  obviate  the  chippy  and  perhaps  unpleasant  appearance  of  the 
first  part  of  tLe  report  to  omit  citation  of  precise  localities  or  to  weave 
them  into  paragraphs,  and  give  this  part  more  the  appearance  of  a 
narrative.  This  has  been  well  considered.  But  I  feel  confident  that 
the  specifications  of  facts  in  detail  would  be  less  accessible  than  under 
the  arrangement  which  puts  foremost,  and  in  a  uniform  position,  the 
definition  of  locality^  and  follows  that  by  the  statement  of  fact.  In 
this  part  utility  should  take  precedence  of  style. 

The  rock  numbers  are  in  continuation  of  the  series  begun  last  year. 
As  these  numbers  have  not  been  reported  in  complete  consecutive  order, 
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a  table  is  appended  to  this  report,  presenting  in  serial  arrangement, 
the  localities  for  both  seasons,  with  references  to  the  page?  of  the  twc^ 
reports  on  which  they  are  described. 

The  order  of  succession  of  the  work  in  this  report,  as  in  the  last,  i& 
geographical.  All  the  facts  are  clustered  around  the  several  ]ake» 
and  the  more  considerable  rivers.  As  it  often  happened  that  one 
shore  of  a  lake  was  surveyed  on  an  outward  trip  and  the  opposite 
shore  on  the  return,  it  results  that  the  consecutiveness  of  the  rock 
numbers  is  broken  between  the  two  trips. 

10,— Bearings.  Magnetic  bearings,  for  convenience,  were  taken  in* 
the  field;  but  these  are  here  corrected  for  the  true  meridian  by  the  use- 
of  data  recorded  on  the  Government  township  plats. 

11. — Rock  identifications.  These  were  preliminarily  made  in  the 
field,  but  often  under  difficult  circumstances,  and  always  without 
adequate  means  for  investigation.  A  few  of  the  identifications  for 
the  present  year  have  been  revised  in  the  laboratory,  partly  by  micro* 
scopical  and  chemical  methods,  and  a  few  laboratory  notes  have  been 
appended  to  the  field  notes.  But,  manifestly,  no  thorough  petro* 
graphical  investigation  could  be  accomplished  in  the  time  allowed  for 
an  annual  report;  nor  indeed  would  such  work  be  appropriate.  It 
yet  remains  to  subject  the  entire  series  of  rock  specimens  to  careful 
study,  with  a  view  to  rectifying  the  nomenclature  and  establishing 
true  correlations  between  the  petrography  and  geognosy  of  northern 
Minnesota  and  other  well  investigated  regions.  This  will  be  a  work 
of  no  little  magnitude. 

In  the  use  of  terms  I  have  followed  nearly  the  same  practice  as  in 
the  report  for  1886.  This  conforms  substantially  to  the  usage  of 
German  petrographers,  and  especially  of  Rosenbusch  in  the  new 
edition  of  his  **Massige  Qesteine."  So  far  as  my  practice  diverges 
from  the  German  standard,  it  is  chiefly  in  the  use  of  a  few  words,  and 
this  circumstance  will  not  in  the  least  embarrass  the  intelligent 
reader. 

12. — Earlier  observations  and  studies.  The  belt  of  country  along 
the  international  boundary  was  traversed  by  Dr.  Douglas  Houghton, 
in  1831,  while  travelling  as  physician  and  botanist  to  the  Schoolcraft 
Expedition  to  the  sources  of  the  Mississippi  river.  Subsequently,, 
while  acting  as  geologist  for  the  State  of  Michigan,  he  recalled  the 
observations  made  and  left  a  brief  record  in  the  introduction  to  one  of 
his  annual  reports.  '*The  route  of  the  fur  trade  to  the  northwest, '"^ 
he  says,  **by  way  of  Rainy  Lakes,  Lake  of  the  Woods  and  Lake  Win- 

pic  was  formerly  carried  on  by  passing  over  these  hills  [north  of 
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lake  Superior]  from  a  point  a  f^w  miles  west  of  the  mouth  of  Pigeon 
river  [Gr^nd  Portage  settlement].  The  trail  or  portage  path  passes 
OTer  a  low  portion  of  the  range  and  finally  falls  upon  Pigeon  river,* 
which  is  ascended  to  its  source,  from  which,  by  a  series  of  portages, 
the  sources  of  the  streams  flowing  northwesterly  are  reached.  The 
hilly  portion  of  the  country,  though  of  exceeding  interest  in  a  geo- 
logical point  of  view,  is  the  most  desolate  that  could  be  conceived. ''t 

During  the  progress  of  the  geological  survey  of  the  Northwest, 
under  the  direction  of  Dr.  D.  D.  Owen,  a  rapid  reconuoissance  was 
made  by  Dr.  Norwood,  from  Pigeon  point  and  the  locality  now  known 
as  Grand  Marais,  to  Gunflint  and  Saganaga  lakes.  Beyond  the  latter 
point,  no  observations  along  the  boundary  are  recorded.!  Dr.  Nor- 
wood's notes  are  lacking  in  precision  and  intelligibility.  It  is  often 
impossible  to  identify  his  localities  or  his  facts. 

A  rapid  reconnoissauce  along  the  international  boundary  was  made 
in  1672  by  Mr.  Robert  Bell,  under  instructions  from  the  Geological 
Survey  of  Canada.§  The  facts  recorded,  however,  are  few,  as  the 
chief  object  of  the  expedition  seemed  to  be  an  exploration  of  the 
Country  further  .northwest. 

In  1878,  professor  N.  H.  Winchell,  in  a  survey  of  the  mining 
geology  of  the  northwestern  part  of  Minnesota,  visited  numerous 
localities  near  the  boundary,  both  in  Minnesota  and  Canada,  and  trav- 
ersed the  boundary  from  Pigeon  point  to  Basswood  lake,  proceeding 
thence  to  Vermilion  lake.|| 

A  more  extended  reconnoissauce  was  made  by  N.  H.  Winchell,  in 
1880,^  stretching  from  Grand  Portage  along  the  international  bound- 
ary, and  diverging  to  Vermilion  lake,  and  thence  to  Squagaraaw  bridge 
on  sec.  5,  T.  58-15.     This  was  part  of  a  very  extensive  examination 
^f  the  general   geology  of  the  northeastern  part  of  the  state.     The 
^^port  presents  a  broad  and  masterly,  though  condensed,  grasp  of  the 
geologic  structure  of  a  vast  region  long  acknowledged  diflBcult  of  ac- 
^^8s,  complicated  and  obscure;  and  the  later  developments  have  con- 
^tTned  its  general  accuracy. 

"•  Por  quite  »  fail  de!«crlptioa  of  the  physical  and  geological  feat  ares  of  this  trail,  Bee  N.  W,  Wln- 
^*»«:i,  Eighth  Annual  Report,  Geology  of  Minnesota,  1880,  pp.  71-73. 
'^Houghton,  Fourth  Annual  Report,  Geology  of  Michigan,  1811,  p.  13. 
^  Norwood,  In  Oweo'i  Geological  Survey  of  Wigconiiin.  loioa  and  Minnesota,  Philadelphia,  1852, 

5R  Bell,  In  Geological  Survey  ofCanofla,  Report  of  Progress,  1872-3,  Montreal,  8vo,  pp.  9S-04. 
I  Sntnth  Annual  Report,  Geology  of  Minneeota,  pp.  ?-«*>.    This  report  contain!  aleo,  aome  ohaerva  • 
•**^Mby  C  W.  Hall,  under  Insiructlons  from  the  state  geologist,  pp.  26-29, 

^  Sinili  Annual  Report,  Geology  of  Minnesota,  pp.  7l.li  7.    This  contains  a  gei  eral  descriptive  list 
"<k»  collected  In  1878  as  well  as  188 »,  extending  over  page'«  11-114. 
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Explorations  of  the  geology  of  northeastern  Minnesota  were  further 
extended  by  N.  H.  Winchell,  in  1881.  They  were  carried  oyer  the 
Grand  Marais  trail,  and  along  the  boundary  westward,  but  more  ex- 
tensively across  the  country  wholly  unknown  to  geology,  west  of  the 
Grand  Marais  trail,  between  the  boundary  and  lake  Superior*  and  as 
far  west  as  Ogiskhe-muncie  lake. 

In  the  operation  of  the  United  States  Geological  Survey,  the  study 
and  discussion  of  the  Archesan  rocks  of  the  Northwest  having  been 
assigned  to  professor  R.  D.  Irving,  geological  observations  made  by 
himself  and  under  his  direction,  hav^  been  extended  from  Nipigon 
and  Thunder  bay  of  lake  Superior,  into  Minnesota,  as  far  as  Gunflint 
and  Ogishke-muncie  lakes.     The  particulars  of  these  explorations 
have  not  yet  been  published;  but  some  of  the  general  and  most  im* 
portant  results  have  been  made  public  from  time  to  time,  in  memoirs 
aud  papers  by  professor  Irving.+     Professor  Irving's  investigations, 
sustained  by  the  great  resources  of  the  national  survey,  and  carried 
on  with  the  aid  of  much  exx>erience  and  excellent  preparations,  may 
be  expected  to  bring  to  light  a  vast  multitude  of  facts,  and  to  go  far 
toward  settling  the  difficult  and  fundamental  questions  now  outstand- 
ing in  reference  to  the  geological  character  and  history  of  our  oldest 
terranes.I 

The  State  survey  of  Minnesota  resumed,  in  1886,  the  investigation 
of  the  rocks  northwest  of  lake  Superior,  and  made  this  a  principal 
effort  during  the  year.  The  region  of  Vermilion  lake  was  minutely 
studied.  The  country  eastward  was  explored  as  far  as  Ogishke-mun- 
cie lake,  and  the  geology  along  the  boundary  belt  was  examined  from 
Iron  lake  to  Knife  lake.  The  volume  of  results  exceeded  all  pre- 
viously published. § 


*  Tenth  Annual  Report,  Geology  of  Alinnegotn,  18S1,  pp.  64-106.  Gfoloeical  notei  from  Dalath  to 
Silver  ifilet  nnil  return,  are  coutained  on  pp  34-C4. 

tSee  Third  annual  lieport,  U.  S  O'eol.  Surv.,  1S81.R2  (duled  1883).  pp.  167.165.  Monoffrftph,  C  S- 
(rco/.  .Sure.,  vol.  V.  (1883)  pp.  367-380,395;  Preliininary  Paper  on  an  Inve^wation  of  the  Arckmam 
Formationt  of  the  yoithw^ntem  iiitates,  March,  lfc86.  extracted  from  Vlh  Ann.  Kep.,  U.  S.  Geol.  Sun., 
175-212  (especially  pp.  2(13-2(8):  Amer.  Jour.  Sci.,  Ill,  xxxiv,  259-3«*l. 

X  While  the  manuscript  of  thin  report  is  Ptill  in  hand,  tidings  como  of  professor  Irving^B  death.  I 
feel  moved  (to  embiace  tlu*  oppurtiiuity  to  record  both  my  personal  sorrow,  and  the  loe^.  t^uilngly 
irrcparuble,  whicli  bus  been  sustuined  by  the  national  survey,  and  by  theiQtercatsofgeologfc.il  science 
at  lnr\re.  Prof^-fisor  li  vitig's  worlc  revealed  a  most  conscientious,  painstaking  and  Intelligent  treat- 
ment of  the  diUli.ult  problems  ttB<>igned  to  him  for  discusfiion.  His  achievements  la  a  few  yeiir<$,  alas 
too  feu-,  have  contrlbute<I  permanent  lustre  to  the  annaU  of  Atnerican  science. 

Ji  Fifteenth  Annual  Report.  Geol.  Snrv  Minn.,  188'.,  pp.  7.2^  by  A.  Wlnchell ;  pp.203-38«  (embody- 
ing observations  by  Dr.  M.  E.  Wadeworth)  by  N.  H.  Winchell ;  and  pp.  401-419  by  H.  V.  WinctMll. 
This  report  contain;*  the  tlrst  colored  geo]o{;icaI  map  of  northeastern  Minnesota  made  from  orfslnal 
ob'«ervMtloM9.  and  u  detailed  geolojjical  map  of  the  vicinity  of  Vermilion  lake. 
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$  3 —OBSERVATIONS  IK  THE  TTPIOAL'HURONIAK   REGION  OF  CANADA. 

A  portion  of  the  rocks  of  northeastern  Minnesota  have  been  pro- 
visionally referred  by  recent  geolggists,  to  the  Huronian  system.     The 
most  recent  writer  on  the  assemblage  of  oldest  formations  in  the 
Northwest,  expressed  the  conviction  that  the  entire  series  of  strata 
in    Minnesota,  from  the  top  of  the  crystalline  schists  up  to  the  top  of 
the  Animike  slates,  belonged  properly  in  that  system  which,  a  quarter 
of  a  century  ago,  the  geologists  of  the  Canadian  survey  described  and 
named  as  Huronian.     The  region  reported  to  contain  the  rocks  thus 
assembled  in  a  system,  lies  on  the  north  of  lake  Huron.     Being  some- 
what remote,  if  not  difficult  of  access,  American,  and  even  Canadian, 
geologists,  have  been  in  disagreement  as  to  the  lithological  character 
of  the  original  so-called  Huronian  rocks,  and  as  to  the  position  which 
they  actually  hold  in  the  bedded  structure  of  the  earth's  crust.     An 
nlterior  purpose  of  the  Minnesota  survey  must  be.  First — To  ascer- 
tain whether  any  proper  Huronian  rocks  occur  in  the  state;  Second — 
To  determine  what  portion  of  them  is  to  be  regarded  as  Huronian, 
tnd  in  what  particulars  they  agree,  and  in  what  those  distinguished 
i^B  from  them  disagree;  Third — To  determine  the  relative  geological  age, 
both  of  the  rocks  ascertained  to  be  Huronian,  and  of  those  to  be  ex- 
doded  from  the  Huronian.     But  precisely  what  was  meant  by  Huron- 
itn  was  a  point  in  dispute;  and  any  settlement  of  the  question  in  time 
for  the  purposes  of  the  Minnesota  survey,  required  a  personal  visit  to 
the  typical  Huronian  region.     In  conformity  with  this  necessity,  my 
brother  and  I  made  a  personal  investigation  of  most  of  the  important 
points  and  districts  within  the  region  referred  to.     The  following 
pages  contain  an  abstract  of  observations  made  by  the  writer,  with 
8Qch  occasional  interpretations  as,  to  his  judgment,  seemed  justified 
by  what  we  saw. 

The  quartzytes  exposed  along  the  north  shore  of  the  channel,  be- 
tween the  Sault  and  the  old  Bruce  mines,  were  hastily  passed;  and 
no  careful  studies  were  undertaken  until  **  the  Bruce'*  was  reached. 
1.  Observations  about  the  Bruce  mines.  At  the  old  Bruce  mines  the 
i%k  near  the  shore  (384)*  is  amass  of  diabase,  intersected  in  various 
foections  by  joints,  but  without  discoverable  signs  of  bedding.  It  is 
*  compact  mixture  of  a  dark,  augite-looking  mineral  with  a  reddish 
feldspar.  The  dark  mineral  constitutes  a  sort  of  groundmass;  but 
the  feldspar  is  very  abundant.  In  places,  the  red  feldspar  occurs  in 
^talline  masses  an  inch  or  two  in  diameter. 

^  BQmben  In  this  section  refer  to  the  rocke  collected. 
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Near  the  gravel  bank  made  from  the  crushing  mill  on  theeutti 
the  diabase  (385)  is  a  little  coarser,  and  the  feldapathic  coDstitnenl 
nearly  white.  In  the  midst  of  the  rock  are  masses  of  a  fine-gni 
material  which,  at  a  glance,  appears  slaty,  but,  oo  inspection,  ao 
to  be  a  very  similar  thing  in  constitution.  These  fine  masses 
partly  vein-like,  and  partly  like  regular  fragments  of  aschistosen 


^i^-i'---- 


—Vein-like  mais  in  diobasf  at  Bruce  mines,  Ontario 

Whatever  the  nature  of  these  forms,  the  whole  maaa  of  rock,  se 
to  be  a  dike  in  the  other  diabase.  If  these  different  diabases  are 
dikes  successive  in  origin,  they  show  abrupt  timitfttions  dike-like, 
me  the  whole  mass  looks  like  a  vast  dike  or  overflow;  butthediffe: 
parts  are  supplied  from  somewhat  different  soarces,  and  cooled  oi 
circumstances  a  little  different. 

In  one  place  I  find  diabase  with  disseminated  globulea  of  serpent 

At  the  Glanville  shaft  of  the  Wellington  mine,  the  vein  is  i 

running  N.  82°  W.     It  is  of  quartz  with  dissiminated  chalcopy 

The  country  rock  resembles  the  diabase  with  red  feldspar;  but  i 

the  quartzyte  it  becomes  slaty-chloritic. 


Fig.  2. — Plan  of  cupriferous  veins  at  old  Wellington  mines,  OnU 

The  main  vein  a,  branched  in  h,  was  cut  by  a  dike  at  e,  and  ran 
a  limestone  at  L. 

Mining  was  carried  on  36  years  and  has  been  Buspeoded.  10 — in 
sequence  of  ore  running  poor  and  copper  cheap. 
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About  a  quarter  of  a  mile  west  of  this  is  aa  outcroj)  of  lime- 
(toiiein  a  ledge  trending  N.  4°  W.  and  dipping  a  little  south  of  west, 
bat  mnch  contorted,  and  with  interbeddings  of  trap  isolated  from  tbe 
general  mass  of  trap.  This  outcrop  in  a  straight  line,  is  about  a  mile 
from  the  west  landing. 

From  the  little  cove  immediately  east  of  the  old  Bruce  mines  rises 
toward  the  west,  a  hill  on  which  lie  an  enormous  quantity  of  "gieeu- 
itoBe"  fragments.  Where  the  greenstone  outcrops,  it  is  a  compact 
diorite  or  diabase.  In  this  is  a  quartz  vein  striking  N,  6'  S.  and  two 
feet  wide.  The  eKtire  mass  of  the  hill  is  of  the  same  sort  of  rock, 
ludoQ  the  summit  and  the  western  slope  are  large  quartz  veins  which 
:  rifflify  in  a  complicated  fashion.  In  one  place,  a  quartz  vein  inter- 
■eeting  the  country  diabase,  itself  incloses  a  targe  fragment  of  dia- 
:  liiw,  as  shown  below : 


^ 


t^-J.  <k\^a 


fig.  i— Fragment  of  d abase    n    ud  d    na  qua    z   ce       intersecting 
a  fi  d    f  dtabas    n  a  od  B  u  e  m  n       On  ario. 

Among  the  bowlders  of  this  vicinity  I  recognized  bedded  and  con- 
glomeritic  quartzyte  and  jaspery  conglomerate;  also  a  conglomerate 
ittembhng  that  of  Ogishkc-muncie — a  dark,  diabasic  groundmass  with 
nd granite  pebbles.* 

The  diabase  surfaces  are  glacially  smoothed,  and  show  grooves  trend- 
»gS.20°W. 

S.  Observations  in  the  Valley  of  Tkessaton  river. — At  Thessalon,  on 
fewest  side  of  the  river,  the  rock  f389-391)  which  is  put  down  by 
Mgao  as  "  chlorite  slate,"  has  superficially  an  eruptive  look.  Occa> 
Uoally  one  sees  evidences  of  bedding,  though  obscure.  The  dip  ap- 
fttn  to  be  37°,  in  the  direction  N.  41°  W,     The  rock  is  fine-grained, 

'AIMtf  Hurock-colltcllonswIL]  belncladed  Id  propgr  namcrlcil  oril*rlo  tiM  Tablsat  ths  end  of 
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dark,  hard,  baying  the  aspect  of  a  metamorphic  argillyte;  but  on 
close  inspection  with  a  lena,  thin  scales  possess  a  waxy,  greenish  trans- 
luencj.     So  far  it  might  be  a  highly  metamorphic  felsitic  argillyte. 

A  few  rods  to  the  east  of  this,  however,  the  formation  passes  into  a 
diabasic  rock  similar  to  that  carrying  the  copper  vein  at  Brace.  As 
no  probability  exists  that  this  is  of  an  eruptive  character,  and  the 
other  rock  sedimentary,  I  examined  the  transition  carefully.  The 
strong  impression  made  by  the  study  was  that  the  case  is  simply  one 
of  greater  or  less  metamorphism. 

This  diabasic  or  d  oritic  condition  is  seen  coarser  and  finer  exactly 
as  at  Bruce.  Here  also,  are  numerous  ramifying  quartz  veins.  If 
this  formation  is  an  altered  sediment,  so  is  that  at  Bruce. 

Several  times  subsequently  I  revisited  this  locality — on  the  west  of 
the  river — after  having  made  quite  an  extended  study  of  the  surround- 
ing country.  I  repeated  tny  attempts  to  ascertain  the  nature  of  the 
bedded  structure.  I  could  not  easily  divest  myself  of  the  impression 
that  a  true  sedimentary  arrangement  had  originally  existed,  on  which, 
in  the  course  of  metamorphism,  a  conformable  slatiness  had  been  in- 
duced. The  evidence,  unquestionably,  is  ambiguous,,  but  I  retained 
two  small  specimens  showing  distinct  marks  of  sedimentary  character. 
This  structure  prevails  in  patches  over  an  area  of  forty  square  rods. 
The  dip,  according  to  renewed  measurements,  is  32'',  in  a  direction  W. 
48°  W.  Naturally,  it  varies  in  both  respects  within  short  distances; 
but  though  the  bedding  is  undulating,  it  is  not  crumpled. 

In  the  midst  of  the  most  slaty  patches  occur  more  diabasic  portions; 
and  generally  in  proximity  to  small  voined  streaks — as  if  greater  heat 
and  more  complete  -fluidity  had  been  the  condition  of  the  more  dia- 
basic rock. 

There  are  indeed,  places  a  square  rod  in  extent,  in  which  the  rock 
is  strictly  diabasic;  and  it  here  appears  that  the  coarser  condition  of 
the  diabase  is  most  remote  from  the  slaty  rock. 

This  particular  spot  is  a  fair  representation  of  the  whole  of  Logan's 
**  green  chlorite  slate."  While  no  demonstrative  evidence  exists  of 
the  nature  of  its  genesis,  there  seems  to  be  room  for  the  supposition 
that  the  entire  formation  was  once  a  marine  sediment;  but  if  so,  it 
has  been  subjected  to  powerful  alteration — in  places,  to  actual  fusion 
and  r^ompounding  of  the  chemical  elements. 

On  the  east  side  of  the  river,  the  same  formation  (392)  prevails  ex- 
tensively. The  bedded  condition  is  more  unmistakable  than  on  the 
west  side.  The  strike  of  the  beds  is  nearly  coincident  with  the  direc- 
tion of  the  glacial  striation,  which  is  S.  20°  W.     There  is  difficulty  in 
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deciding  what  are  the  bedding  strnctures  and  what  schistosity  or  veins^^ 
Near  the  water  the  bedding  appears  most  anmistakable. 

Bat  another  phenomenon  here  is  important.     Along  some  of  the 
Tein*like  appearances  are  rounded  pebbles  imbedded  in  a  mass  similar 
to  the  neighboring  rock,  hut  darker  and  distinguishable  in  texture. 
The  rounded  pebbles  are  of  rock  similar  to  the  prevailing  formation; 
and  on  close  inspection,  lines  can  be  traced  across  them — fine,  like- 
flowage  lines  or  thin  laminae.     The  appearance  is  precisely  like  some 
conditions  of  the   Ogishke  formation — not  the  characteristic  conglo- 
merate. 

At  the  north  end  of  tbio  village  near  the  head  of  the  bay  east  of  the 
saw  mill,  the  same  formation  (393)  contains  large  angular  masses  of 
epidote,  mixed  with  a  black  mineral.  These  masses  are  up  to  three 
feet  in  length,  with  a  width  of  two.  Here  are  also,  veins  of  quartz, 
aoQie  containing  chalcopyrite,  and  some  having  a  selvage  of  fine, 
dark  chloritic  mineral. 

Quite  at  the  head  of  the  bay  east  of  Tbessalon,  the  following  observ- 
ations were  made :  1.     Regions  containing  many  little  blackish  lumps, 
'giving  the  rock  an  amygdaloidal  appearance  (394).     The  lumps  look 
like  amorphous  chlorite  externally.     When  scratched  they  are  bluish, 
dtty-white.     2.     These  quasi-amygdules  are  in  places  arranged  in 
*     courses.     {Sometimes  the  courses  are  rectilinear,  and  sometimes  curv- 
ilinear; and  in  both  cases,  several  ranges  are  parallel  with  each  other. 
But  in  immediate  contiguity,  the  curved  bands  are  seen  in  a  different 
positition.     This  phenomenon  reminds  me  of  what  I  have  figured  from 
the  east  end  of  Snowbank  lake,  Minnesota"";  but  in  that  case  the 
amygdular  cavities  are  in  single  series,  and  the  apertures  are  sharply 
eircalar.     3.     In  some  places,  larger  lumps  of  this  chlorite-like  min- 
eral are  remotely  disseminated,     Also,  some  of  these  larger  cavities 
are  filled  with  epidote — either  finely  crystalline  or  mixed  with  another 
mineral.    4.     The  formation  is  also  intersected  by  veins  of  calcite  or 
dolomite.     5.     Also  by  veins  of  a  red  color,  composed  of  a  transpar- 
ent mineral  like  calcite,  and  a  pale  reddish  mineral,  having,  like  the 
«tber,  the  hardness  of  calcite.     6      Bands  also,  of  small  epidotic  am- 
Igdules— some  in  belts  one  and  a  half  inches  wide  and  separated  by  a 
eoodition  of  the  country  rock — a  soft  cbloritic  argillyto,  itself  filled 
with  Tery  small  elongated   amygdules  of  amorphous  chlorite — the 
longer  axes  parallel  with  the  axis  of  the  band.     7.     In  the  vicinity, 
of  the  chloritic  amygdules  are  elongated  downward,  from  one 
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diameter  to  three  and  a  half  iocbes— in  section  of  the  rock  lookiDg  like 
rootlets  of  Stigmaria. 

At  the  head  of  tbe  bay  east  of  Tbeasalon,  near  the  new  barn  are 
seen  two  sets  of  glacial  strife  in  unusual  relation  to  each  other  The 
maiu  set  trends  S.  30=  W.  and  the  other  S.  48°  W.  The  former  are 
grooved;  the  latter  smoother.  The  main  system  terminates  abruptly 
along  the  line  ab.  6g.  4.,  and  that  line  is  like  the  ridge  of  a  low  roof. 


Fig.  i. — Unusual  feature  of  glacial  striatum,  Tkessalon,  Ontario. 

Further  along  is  a  similar  crest  without  change  in  direction  of  striae 
After  quite  an  extensive  and  careful  field  ioTestigation  of  the 
formation  about  Thessalon,  I  failed  io  find  any  suflBcient  reason  for 
.distinguishing  it  from  that  about  Bruce;  though  Sir  William  Logan 
has  laid  it  down  as  "green  chlorite  slate  "  whilethe  Bruce  formation 
is  mapped  as  "  lower  slate  conglomerate."  It  is  more  slaty  on  the 
east  side  of  tbe  Tbeasalon  river  than  oa  tbe  west.  Still  it  can  hardly 
be  said  that  tbe  evidence  is  clear.  The  resemblance  to  the  Bruce 
forniation  is  general;  but  only  on  the  west  side  does  it  seem  complete. 
Here  the  diabase  is  fully  developed,  and  we  trace  it  by  gradation  i&to 
the  slates.  Bat  on  tbe  other  hand,  quartz  veins  are  common  on  both 
sides  of  the  river,  and  tbey  contain  chalcopyrite.  On  the  east  side  of 
the  bay  a  vein  is  said  to  be  four  feet  thick,  and  to  have  been  worked 
to  a  limited  extent.'  Jn  all  salient  characters,  the  Bruce  and  Thessa- 
Ion  formations  are  the  same.  I  must  leave  for  future  study  to  ascer- 
tain whether  in  origin  it  is  rather  sedimentary  or  eruptive. 

About  one  tind  a  half  miles  from  Thessalon  lauding,  on  the  Qovern- 
ment  road  west  of  tbe  river,  is  an  outcrop  of  quartzyte  (395).  It  rises 
in  u  range  west  of  the  tbe  highway.  Near  the  road  it  is  light  gray 
and  pretty  fine,  with  distinct  bedding  and  a  northward  dip  of  about 
35%  but  somewhat  contorted.  Farther  from  tbe  road  it  becomes  darker 
and  more  granular  (396).     A  few  rods  still  farther  west,  tbe  formation 


^ 
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Tises  in  a  saccession  of  short  parallel  swells  trendiug  east  and  west, 

And  exposing  a  general  dip  northward.     The  appearance  is  shown  in 

fig.  5,  on  plate  2. 
We  find  dark  angular  masses  (397),  included  in  the  quartzyte;  and 

inspection  shows  them  to  be  essentially  identical  with  the  Thessalon 

«Ute;  but  eren  more  baked. 

Still  farther  on,  occurs  a  dike  three  rods  wide,  running  nearly  north 
and  south,  and  appearing  to  be  a  compact  diabase  (398).  In  contiguity 
with  this,  the  quartzyte  is  red  blotchy,  and  on  the  west,  prevailingly 
red  (399).  Included  in  the  dike  is  a  wedge  of  quartzyte,  two  rods  long 
and  fifteen  feet  wide,  which  is  very  red.  Here  the  dike  along  its 
western  margin,  is  divided  vertically  by  jointage,  into  a  succession  of 
(hia  slabs.     Close  by,  the  quartzyte  retains  its  proper  bedding. 

Sometimes  too,  the  bedding  of  the  quartzyte  is  interrupted  by  dike- 
like masses  of  its  own  substance,  which,  with  loss  of  stratification  on 
their  part,  cut  off  and  terminate  the  beds  of  the  main  quartzyte. 

About  two  and  a  half  miles  from  Thessalon,  along  the  same  road, 
on  the  northwest  of  the  quartzyte,  is  seen  rising  a  huge  diabasic  mass 
(400),  resembling  the  diabasic  portions  seen  on  the  west  side  uf  the 
ri?er  at  Thessalon.  From  the  summit,  I  can  trace  the  ridge  to  the 
qaartzyte  last  seen,  and  beyond,  along  the  west  side  of  it  toward 
Thessalon  point.     Possibly  the  point  has  this  diabase  for  a  foundation. 


I 


Fig.  6. — Otology  about  Thessalon,  Ontario. 

D,  the  diabase  here  referred  to.  Q,  the  quartzyte  395.  P,  Thessa- 
lon point.  M,  the  sawmill  near  the  lauding,  d^  diabase  west  side  of 
river,  8^  Thessalon  slate  (or  slaty  diabase). 
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Queries.  le  there  a  faalt  along  the  river?  Does  i)|niiderlie  and 
form  the  point !    Are  D  and  d  the  same  as  s? 

About  three  miles  from  Thessalon,  on  thejsame  road,  a  bold  promon- 
tory strikes  the  highway.  Of  this  all  the  upper  portion  is  of  diabase 
(402),  and  the  lower,  near  the  road,  is  of  quartzyte  (401). 


Fig. 


7. — Junction  of  qiiartzi/lp  and  diabase  thri 
Thfsxnl'in,  Ontario. 


miles  northwest  of 


The  line  AB  shows  the  junction  of  the  two,  and  its  direction  is  east 
and  west.  But  the  plane  of  junction  descends  almost  vertically  into 
the  hill,  so  that  it  is  not  possible  to  say  the  diabase  overlies  the  quart- 
zyte.    The  diabase  is  in  continuity  with  the  last  seen. 

At  about  fire  Aid  a  half  miles  from  Thessalon,  another  promontory 
is  found  abutting  on  the  road  from  the  right.  Here  the  great  mass  is 
diabase  (408),  well  characterized  and  moderiitely  coarse-grained;  but 
quartzyte  is  in  contact  in  an  unintelligible  way.  The  face  of  the 
exposure  is  shown  below: 


Fig.  8. — Junction  of  quartzyte  and  diabase  five  milts  northwest  of' 
Thfssalon. 


Plate  2.     16th  Report. 


.  5. — Oeneral  viMW  of  white  quartzyte,  two  miles  nortkwest  of 
TkessaUm,  Ontario. 
The  dip  is  away  from  the  observer. 


^H^^^ 

m 

'a^-y^m 

10. — A  knob  of  diabaae  overlying  quartzi/te  four  rnUes  northwett 
of  Thessalon. 
The  quartzyte  incloses  angular  oiasBes  of  Thesssloii  slate. 
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om  a  to  h,  the  quartzyte  dips  toward  the  diabase,  and  seems  to  go 
r  it  northward.  From  b  to  c,  the  diabase  cuts  off  the  qtiartzyte 
I  dike.     Hence  it  d'jes  not  appear  what  is  the  relation  between  th« 

Tlie  quartzyte  is  cut  off  also  from  a  to  d. 
eiiiabusc  is  quite  characteristic,  consisting  of  a  mass  of  crystal- 
black,  augitic  mineral,  with  short  linear  crystals  of  plagioclasc 
Medio  it. 

miles  from  Thessulon,  where  McBeth's  creek  is  crossed  by  the 
la  Pacilic  railway,  iii  view  of  the  lake,  quartzyte  and  diabase 
ttii  iu  contact  again.  The  junction  is  sharp  and  runs  N.  60°  W. 
uartEyte  io  light  gray,  and  resembles  401 — not  so  reddish  as  that 

base  of  403.  Some  of  the  diabase  is  rather  coarse  and  charac- 
'  Tiie  junction  with  the  quartzyte  is  vertical  again — neither  is 
m posed. 

issthe  creek  froui  this  point,  and  on  the  north  of  the  Canada 
-  railroad,  is  n  hill  composed  of  quartzyte  (404)  and  diabase; 

portion  of  the  quartzyte  becomes  conglomeriiic  with  glassy 
.    One  of  the  dikes  of  diabase  pursues  an  irregular  course,  as 

lielow,  and  varies  greatly  in  width — from  thirty  feet  to  zero. 
ul  collocations  of  quartzyte  and  diabase  are  further  illustrated 


—Map  of  altfriiafioHs  of  qiiarlzijle  and  <lia/jase  on  hiUsule  at 
SfiBfth'n  creek,  at  crosuhif/  of  Canaila  Pacific  tattroad, 
norUiicext  of  Tliensalon, 

iboat  four  miles  from  Thessulon,  a  high  boss  overlooks  the  road 
tbe  south,  in  which  we  find  diabase  distinctly  resting  on  quart* 
The  external  aspect  of  this  exposure  is  shown  in  fig.  10,  plate  2. 
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At  the  distance  of  one  mile  from  Thessalon  on  the  east  side  of  the 
river,  is  another  nearly  vertical  junction  of  diabase  and  qaartzyte^ 
striking  N.  40^  E.  The  junction  is  sharp.  No  dip  of  the  quartzjte 
|8  ascertainable.  Its  color  is  pale  pinkish.  Near  here  the  quartzyte 
dips  30"  toward  N.  40°  W.  and  its  color  is  still  pinkish.  At  another 
point  the  color  is  white. 

At  two  miles  from  Thessalon  on  the  east  side  of  the  river,  is  a?i 
outcrop  of  quartzyte  (405),  weathering  pistachio  greenish,  fine-grained 
and  saccharoidal.  It  includes  masses  of  coarse  pinkish  quartzyte  con- 
taining quartz  pebbles.  Apparently,  this  quartzyte  would  make  good 
hones. 

Quartzyte  knobs  rise  above  the  alluvial  plain  at  frequent  intervals. 

At  Little  Rapids  of  the  Little  Thessalon,  three  and  a  half  miles  from 
Thessalon,  is  a  coarse  diabase  with  veins  of  quartz.  It  rises  in  a  knob 
which  continues  in  a  ranee  eastward.  It  appears  also  on  the  west  of 
the  road.  Near  by  here,  is  a  vitreous  quartzyte  with  pebbles  of  black 
jasper  arranged  in  courses.  The  direction  of  the  dip  is  N.  10°  E.  and 
amount  apparently  about  45°.  This  spot  is  onefouth  mile  from  the 
hotel,  and  in  stratigraphical  order  ought  to  overlie  the  rock  at  Little 
Rapids. 

At  about  four  miles  north-northeast  from  Thessalon,  is  a  boss  of 
well  striated  quartzyte,  having  one  set  S.  "20°  W.  and  the  other  S. 
30**  W.  The  quartzyte  is  granular,  pale  gray,  homogeneous,  and 
would  make  excellent  hones — much  resembling  that  of  405.  In 
places  it  consists  of  clear  glassy  grains  imbedded  in  a  groundmass. 

A  knob  of  very  fine  diabase  forms  a  ridge  extending  north  and  south, 
at  a  distance  of  about  three  miles  northeast  of  Thessalon. 

Extending  examinations  to  remoter  points,  we  find,  a  quarter  of  a 
mile  north  of  Little  Rapids,  a  knoll  of  horizontally-bedded,  very  fine 
sand — evidently  alluvial. 

On  the  west  side  of  the  Little  Thessalon,  and  about  three-fourths  of 
a  mile  from  Ansonia — familiarly  known  as  '*The  Dump,"  on  the 
north  of  the  road,  is  a  ridge,  exposing  much  r^d  rock  (406),  which 
proves  to  be  a  red  quartzyte,  with  pebbles  of  clear  quartz,  and  some 
small  red  jasper  pebbles.  It  is  virtually  a  conglomerate.  This  ridge 
ranges  N.  70°  W.  and  nttains  an  elevation  of  about  150  feet.  With 
much  labor  I  traversed  the  whole  length  of  this  forest  and  brush - 
covered  ridge,  and  noted  a  succession  of  formations  like  the  following. 
Passing  from  the  condition  just  mentioned,  we  come  to  conglomerate. 
Then  comes  a  dike  of  diabase  (407),  100  feet  wide,  extending  from  top 
to  bottom  of  the  hill.     Next  recurs  conglomerate,  coarser  than  the 
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fiMi  with  white  quartz  pebbles.  This  is  followed  by  another  dike  of 
diabase,  40  feet  wide,  catting  the  hill,  like  the  other,  from  north  to 
flonth.  Next  follows  for  30  rods,  a  conglomeritic  quartzyfce.  This  is 
a  bold  outcrop.  The  bedding  is  distinctly  shown  by  great  slabs  two 
feet  thick,  and  by  courses  of  pebbles.  The  dip  is  30°,  and  direction 
S.  iS°  W.  This  continues  to  another  i)old  outcrop  of  quartzyte. 
which  is  fundnmentally  very  red  and  vitreous,  with  small  pebbles. 
The  bedding  is  shown  by  slabby  structure  and  by  dark  streaks — al- 
most black,  as  if  of  magnetite  or  plumbago.  Oblique  lamination  is 
aIso  present,  and  the  strata  are  a  little  bent 

This  entire  ridge  is  a  little  over  half  a  mile  long.  Diabase  appears 
at  the  base,  and  can  be  seen  on  the  summit;  and  the  appearance  is 
that  a  dike  runs  along  the  crest,  and  this  has  tilted  the  quartzytes  to 
their  present  position. 

The  quartzyte  beds  dip  42°  in  a  direction  making  an  angle  of  20° 
with  the  axis  of  the  ridge.  As  the  ridge  was  traced  for  a  distance  of 
about  two  and  a  quarter  miles,  we  thus  attain  the  data  for  calculat- 
wgtrigouometrically,  the  vertical  thickness  of  the  whole  quartzyte 
formation.  I  thus  find  it  to  bo  4,543  feet  As  the  horizontal  distance 
*«s  merely  estimated,  no  great  exactitude  can  be  ascribed  to  this 
'Wult,  As  further.  I  have  no  evidence  that  this  traverse  crossed  the 
whole  width  of  the  formation,  it  would  be  quite  within  the  bounds 
of  probability  to  set  down  the  red  quartzyte  as  having  a  thickness  of 
5,000  feet. 

At  Ansonia  Post-oflBce  (411),  are  rapids  in  the  Thessalon  river,  ani 
here  the  saw-logs  from  the  surrounding  country  are  **  dumped"  to  be 
lifted  to  Thessalon.  The  rapids  are  caused  by  a  mass  of  bluish,  fine, 
compact  diabase,  but  ti.e  geology  of  the  place  is  obscure.  After  visit- 
^Dgthe  spot  three  times  during  the  progress  of  our  survey  of  the  Hur- 
Oftian,  the  following  is  the  best  account  I  can  give  of  it.  Beginning 
^P  the  stream,  we  have  first,  a  mass  of  fine  blue  diabase  (448);  then 
alongside  of  this,  some  vertical  standing,  ashes-of-roses  colored,  cherty- 
^Jilcitie  beds  (449),  running  up  from  the  water.  This  formation 
^fathers  ochreous-yellow.  Within,  some  parts  are  fine,  compact, 
*Wcedonic-!ooking,  opaque;  other  parts  are  pinkish,  very  finely  gran- 
ular f450),  and  closely  resembling  the  rock  447,  to  which  refer.  Still 
•bother  part  is  less  homogeneous,  with  iron-oxide  veins,  and  a  little 
•^^•rser  texture.  Still  below  this  occurs  a  diabasic  slate  (451)  in  a 
^oroughly  breccia  ted  condition.  A  bowlder  from  the  ochreous  mass 
^M  found  by  me  at  Bruce.  It  seems  to  correspond  to  Logan *8  **chert 
*ftd  limestone."     It  is  a  cherty  limestone  (452),  and  efiervesces  feebly 
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with  acid,  but  its  stratigrapbical  position  is  not  made  apparent  front 
the  concomitant  facts. 

Haifa  mile  south  from  Ansonia,  the  ridge  studied  at  408,  but  at  a 
point  a  mile  further  souths  presents  characters  similar  to  those  already 
described.  Some  of  the  pebbles  here  are  like  the  ochreous  rock  409; 
and  this  would  imply  that  this  rock  underlies  the  quartzyte— the  red 
quartzyte. 

On  a  later  occasion   these  examinations  were  carried  still  farther 

into  the  interior.     One  mile  beyond  Ansonia,  on  the  south  side  of  the 

Thessalon  (428-429),  a  knob  on  the  right  of  the  road  is  composed  of 

speckled  diabase.     A  vein  of  red  feldspar  runs  through  it,  and  many 

patches  of  the  same  occur. 

Two  miles  west  of  Ansonia.  on  the  north  side  of  the  road,* in  the 
field  and  on  the  hillsides,  are  large  detached  masses  of  reddish  quart- 
zyte, with  bands  of  pebbles  as  south  of  Ansonia.  Also  of  red  jaspery 
conglomerate. 

Some  two  and  a  half  miles  west  of  Ansonia,  in  the  S.  W.  i  sec.  & 
Lefroy,  on  the  right  of  the  road,  is  a  low  smooth  outcrop  of  tine- 
grained  rock  (130),  appearing?  like  schist  standing  nearly  on  edge,  and 
traversed  by  many  rough,  irregular  quartz  veins.  The  rock  on  weath- 
ering perozidizes  a  considerable  amount  of  iron,  forming  a  rusty 
crust.  The  rock  is  excessively  tough,  and  thin  scales  are  pale,  yellow- 
ish-green translucent. 

The  strike  of  the  structure  referred  to  is  N.  75°  E.  and  the  dip  30^ 
to  40°.  The  formation  is  intersected  by  metalliferous  veins.  The 
contained  matter  is  crystalline,  black,  with  red  streak. 

Two  and  a  half  miles  east  of  Ottertail  lake,  about  S.  E.  i  sec  31 
Rose,  is  a  white  vitreous  quartzyte,  having  a  dip  S.  53°  W.  amounting^ 
to  23^.  Within  limited  areas  it  is  purple;  but  the  purple  portions^ 
are  chiefly  related  to  a  vein  and  jointed  system  trending  S.  80°  E. 
There  are  also  spots   purple-colored,  consisting  of  hematite  in   the 

ntre. 

Near  the  southeast  end  of  Ottertail  lake,  is  a  lofty  ledge  of  quartz- 
yte of  a  gray  color,  and  dipping  southwesterly.  This  is  on  the  left 
of  the  road  leading  from  the  village  of  Ottertail  north  to  Duff's  valley. 

Ottertail  village  is  at  the  southern  corner  of  Ottertail  lake,  in  the 
township  of  Plummer  and  on  the  south  side  of  the  stream.  Twenty 
rods  south  of  the  four  corners  is  a  prominent  outcrop  of  a  reddish  rock 
(435),  which  on  inspection  is  seen  to  have  a  southwesterly  dip,  and  is 
therefore  conformable  with  the  prevailing  quartzyte  of  the  region. 
It  is  not  however,  a  proper  quartzyte.     It  undergoes  change  on  ex- 
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poaure  to  the  weather.  It  has  not  the  lustre  of  quartzyte.  It  is 
compact  and  has  a  large  feldspatbic  constituent.  It  seems  to  be  a 
real  felsjte,  but  clearly  not  an  erupted  felsyte.  Much  of  the  forma- 
tion is  thin-layered,  and  it  may  properly  be  designated  a  felsitic  schist. 

On  the  east  side  these  beds  can  be  seen  dipping  S.  58°  W.  at  an  angle 
of  20''.  Here  also  is  a  dark,  slaty,  fissile,  somewhat  soft  trap-slate  in 
an  irregular  seam  striking  across  the  bedding  of  the  formation. 

Twenty  rods  west  and  at  a  higher  altitude,  the  felsyte  again  out- 
crops:  but  the  dip  here  is  only  12°,  and  in  a  direction  N.  10°  E. 

The  prerailing  dips  in  this  region  have  been  found  toward  the  south- 
west. From  this  point,  a  ridge  of  white  quartzyte  can  be  seen  on  the 
northeHst  at  the  distance  of  half  or  three-quarters  of  a  mile,  on  the 
north  side  of  the  river,  in  which  the  dip  is  diiectly  toward  this  felsyte. 
Unless  some  great  disturbance  in  the  order  of  stratification  exists,  the 
place  of  the  felsyte  is  above  the  quartzyte.  This  ridge  of  quartzyte 
is  shining  white  and  though  it  attains  an  altitude  of  one  or  two  hun- 
dred feet,  a  dip  of  twenty  degrees  would  carry  the  top  of  it  quite 
below  the  felsyte. 

Thirty  rods  still  further  west,  and  about  half  a  mile  in  a  straight 
line  from  Ottertail  four  corners,  rises  a  conspicuous  bluff  twenty  feet 
high,  composed  essentially  of  felsyte  of  red  color  (434).  It  has  a  dip 
of  30°,  in  a  direction  N.  20°  E.  Here  can  be  seen  convincing  evid- 
ence of  transition  between  quartzyte  and  this  felsyte.  Not  only  is 
the  sedimentary  bedding  everywhere  observable,  but  here  the  red  fel- 
syte visibly  passes  into  a  dark  gray  flint  rock  just  perceptibly  tinged 
with  ashes-of-roses  color  where  unwcathered,  and  red  rusty  as  far  as 
the  weather  has  penetrated.  Under  the  lens,  the  fresh  rock  seems  to 
be  about  all  fine  amorphous  quartz,  with  numerous  glistening  points, 
which  really  look  like  thin  scales.  There  are  also  disseminated  small 
grains  of  quartz.  The  rusted  portion  is  a  skeleton  of  quartz  draped 
with  limonitic  oxide.  « 

On  the  highest  knob  facing  the  village  and  125  feet  above  it,  the 
rock  is  an  altered  slaty  conglomerate.  The  main  mass  is  dark  green- 
ish earthy  material,  similar  to  the  vein  in  435.  though  not  here  in  a 
vein — having  obscure  but  unmistakable  bedding,  appearing  brecciated 
in  places,  inclosing  some  well-defined  angular  pieces  of  the  same;  but 
specially  noticeable  for  containing  many  worn  mass'^s  of  granulyte 
composed  (if  white  quartz  and  a  larger  proportion  of  white  feldspar. 
This  whole  formation  is  therefore  conglonieritic;  and  its  position,  in 
connection  with  the  prevailing  dips  in   the  neighborhood,  indicates 
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that  it  is  higher  than  the  TeUyte  485.     But  of  this  one  cannot  feel 
sure,  since  some  of  thfi  dips  in  this  vicinity  lie  iu  opposite  directions. 

In  general,  however,  we  may  say  that  in  the  hill  south  of  OttertaiU 
we  have  a  mass  of  highly  altered  schists,  which  range  from  felaitic  to 
quartzose  and  conglonieritic,  with  fine  earthy  slate  for  groundmasa 
Their  vertical  relations  to  each  other  and  to  the  quartzytes  of  the 
vicinity  cannot  be  absolutely  determined  from  evidences  supplied  by 
the  neighborhood. 

About  half  a  mile  from  the  place  of  434  in  a  direction  S.  70''  E,  rises 
another  boss  of  felsitic  slate  with  bedded  structure  about  vertical, 
trending  toward  434,  but  of  the  lithological  character  of  the  rock  435. 

Twenty  rods  northwest  of  here,  and  about  in  a  line  parallel  with  the 
axis  of  Ottertail  lake,  and  on  the  south  of  it,  occurs  an  erupted  mass 
of  rock  (437),  weathering  light  gray  with  a  tinge  of  green,  and  com- 
posed of  pale  greenish  augite  and  lamellar  labradorite.  There  are 
occasional  rusty  spots,  but  no  iron  constituent  is  conspicuous.  The 
rock  approaches  a  compact  gabbro.  Its  position  is  also  above  the  great 
white  quart zyte  of  the  Ottertail  range,  and  perhaps  below  the  slaty 
felsyte  already  described.  It  may  however  exist  in  the  form  of  a  dike 
and  not  of  an  overflow.  The  outburst  traced  northward  a  few 
rods  is  found  terminating  in  a  clifl*  75  feet  in  perpendicular  hight. 
Here  the  rock  has  a  more  diabasic  aspect. 

Down  the  Thessalon  river,  half  a  mile  below  the  bridge  at  Ottertail,. 
is  found  an  outcrop  of  fine  grained,  well-bedded,  somewhat  fissile, 
cherty  limestone  (439),  gray  within,  but  weathering  cream-colored. 
It  dips  S.  58°  W.  at  an  angle  of  20°.  It  contains  bands  of  pale  red- 
dish color,  and  bands  of  chert.  It  is  a  cherty  limestone,  and  is  reputed 
a  lithographic  stone.  This,  like  the  cherty  limestone  seen  in  the  bed 
of  the  river  at  Ansonia,  may  represent  Sir  William  Logan's  **chert  and 
limestone."  This  I  will  designate  the  Ottertail  limestone. 
•  This  range  of  limestone  trends  conformably  with  the  Ottertail 
(juartzyte,  and  holds  position  above  it,  unless  brought  up  from  below 
by  a  fault.  That  its  original  position  is  below  the  quartzyte  is  indica- 
ted, as  already  stated,  by  the  discovery  in  the  quartzyte  of  pebbles 
which  seem  to  have  been  derived  from  a  rock  of  the  kind. 

Leaving  this  neigborhood  and  penetrating  farther  into  the  interior^ 
we  find  that  at  two  miles  north  from  Ottertail,  we  have  crossed  a 
white  quartzyte  ridge  about  a  mile  wide,  and  also  a  mass  of  underly- 
ing red  quartzyte  about  three-fourths  of  a  mile  and  strike  here  a  maa& 
of  noryte  (440). 
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Four  miles  north  of  Ottertail,  we  pass  another  sharp  hill  formed  of 
noryte-looking  material  which  would  perhaps  pass  for  gabhro, 

III  the  town  of  Pluramer,  two  miles  south  of  Murray's  Corner,  one 
and  a  half  miles  north  of  Orange  Hall,  and  somewhat  more  than  four 
miles  north  of  Ottertail,  on  the  west  side  of  the  road,  is  a  high  out- 
crop of  metamorphic  slates  (441),  mostly  compact,  with  slatiness  mod- 
erately well  developed,  but  to  a  large  extent  a  well  characterized  slaty 
argillyte,  siliceous  in  places  and  inclosing  bands  of  siliceous  schist. 
It  is  impossible  to  possess  any  information  respecting  the  Animike 
series,  without  recognizing  that  formation  here.  The  dip  is  S.  »30°  W. 
at  angle  of  46^ 

This  formation  clearly  passes  under  both  of  the  quartzytes — the 
white  and  the  red. 

It  is  now  apparent  that  the  rock  441  is  also  Animike  slate. 

Twelve  rods  northeast  of  this,  and  separated  from  it  b3'  a  little 
valley,  is  an  isolated  outcrop  whis  is  largely  red  felsyte  (442),  but  is 
also  largely  an  incipient  granulyte — the  red  feldspar  appearing  in 
progress  of  separation  from  the  quartzose  constituent.  This  is  6ne- 
grained,  and  the  quartz  appears  in  small  round  globules.  This  trans- 
itional state  between  felsyte  and  granulyte  has  a  petrographic  signifi- 
cance analogous  to  that  between  felsyte  and  quartzyte  as  seen  in  434. 

It  is  worthy  of  note  that  the  stratigraphical  position  of  this  felsyte, 
as  will  presently  appear  is  a  short  distance  below  the  summit  of  the 
Plummerargillyte — just  as  the  felsyte  at  Ottertail  appears  to  be  super- 
imposed by  a  similar  slaty  argillyte  at  the  summit  of  the  knob  south 
of  Ottertail. 

Eight  rods  beyond,  and  close  by  the  north  and  south  road,  a  ridge 
of  noryte  (443),  comes  do^vn  from  the  west.  It  appears  to  contain 
magnetite,  and  may  probably  be  regarded  as  u  proper  gabbro. 

At  Murray's  Corner,  23i  miles  from  Thessalon,  on  the  town  line, 
one  mile  west  of  the  northeast  corner  of  Plummer,  rises  an  enormous 
promontory  of  argillyte  (444,  445),  the  greater  mass  of  which  extends 
over  into  the  town  of  Coffin,  sec.  36.     It  has  the  same  character  as 
441;  but  the  dip  is  much  steeper — being  southward   78'.     It  contains 
pebbles  of  red  granulyte,  of  all  sizes  up  to  two  feet  in  diameter      It  re- 
calls somewhat  the  peripheral  portions  of  the  Oghiske  conglomerate, 
but  is  somewhat  more  earthy. 
From  the  top  of  the  hill,  which   is  probably  175  feet   high,  above 

the  road,  is  revealed  a  wide  outlook  over  the  surrounding  country. 

CloBe  by  is  Rock  lake,  on  the  west.     Beyond,  rise  high  hills,  with 

wavy  outlined  tops;  and  in  the  horizon,  the  country  looks  mountain- 
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ous.  In  all  directions,  the  rpgion  is  hill}',  broken  and  rough.  The 
rock  formation  on  the  summit  is  hard  and  slaty,  and  contains  red 
granulyte  pebbles.     The  direction  of  the  dip  is  S.  20°  W. 

The  formation  in  the  vicinity  includes  a  bed  of  quartzyte  in  which 
occurs  crystallized  hiematite  in  small  branched  veins. 

On  the  **Soo  "  road,  two  miles  southeast  of  Ottertail,  is  another 
outcrop  of  Plummer  slates,  very  similar  to  43<>  and  431.  The  slate  is 
bluish-black,  weatherin<r  greenish.  The  stratification  is  horizontal — 
an  attitude  which  may  indicgte  the  passage  to  the  opposite  dip — that 
is,  toward  the  northwest.  The  shale  is  fissile  and  intersected  by  many 
joints,  which  are  frequontly  filled  with  brillant  iron  oxide.  It  in- 
cludes a  l)ed  of  red  quartzyte,  the  faulting  of  which  is  illustrated 
below : 


ift^MfJtt9M -yn cmfff f7  cij^  v. 


Fig.  11. — Faulting  of  a  red  quarfzyie  hni^  fwo  miJts  sottthetist  of 

Offerfail,  Onfario,     In  Huroniau  slates. 

The  slates  have  been  faulted  the  sanu*  as  the  quartzyte;  but  that 
does  not  show. 

The  movements  of  this  formation  have  opened  chasms  6  to  12  inches 
wide,  which  have  been  filled  mostly  with  a  breccia  of  the  country 
rock.     It  also  contains  rounded  pebbles  of  red  granulyte. 

Within  a  distance  of  twelve  rods  of  this  place,  on  the  east,  is  an- 
other outcrop  of  the  same  (446).  It  contains  rounded  pebbles  of 
syenite  with  red  feldspar,  also  great  angular  masses  intersecting  the 
formation  but  limited;  having  apparently  a  siliceous  c(mstitution,  but 
without  any  quartzose  lustre.  On  closest  inspection  with  a  lens,  I 
can  distinguish  apparent  particles  of  reddish  feldspar,  and  many 
specks  appearing  like  haematite  or  magnetite. 

The  quartzyte  (447),  seems  to  be  very  finelv  porous,  and  resembles 
that  containing  iron  ore  at  Matherson's,  near  Murrav's  Corner.  It 
serves  to  identify  the  lower  division  of  the  Plnnimer  slate-conglom- 
erate. 

At  about  one  and  half  miles  north  of  Bruce,  on   the  *'  Soo  "  road 
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the  slate  conglomerate  oatcrops  again.  It  contains  red  jasper  pebbles 
and  graywaclce,  and  the  formation  is  rather  harder  than  at  the  last 
two  points 

From  bere  eastward  the  slate  conglomerate  outcrops  frequently — 
even  as  far  eastward  as  McEwen's  cross  roads  and  school-house 

3.  Observations  in  the  vicinity  of  the  Blind  and  Missisagui  rivers. — 
This  investigation  w#s  also  pursued  in  tho  vicinity  of  Blind  and  Missisa- 
gui rivers.  At  Blind  river  landing,  the  rock  (413),  first  seen  and  widely 
distributed  in  the  vicinity,  is  massive,  well  glaciated,  dark  colored, 
appiirpntly  composed  of  augite  in  a  crystalline  groundmass,  with  many 
inferbedded  grains  of  reddish  feldspar  (oligoclase)  and  fewer  grains  of 
a  pale  <;reenish  feldspar.  It  is  therefore  a  diabase  like  that  at  Thes- 
jialon,  but  with  the  individuals  larger.  No  quartz  can  be  discovered. 
On  the  east  side  of  the  bay,  near  the  upper  sawmill  at  Blind  river, 
is  a  red,  vitreous  quartzyte  (414).  very  obscurely  bedded.  Close  by, 
on  the  south,  is  a  diabasic  formation.  Next  follows  another  mass  of 
quartzyte,  more  distinctly  bedded,  having  a  dip  of  48°  in  a  direction 
S    12^^  E.     The  intervening  diabase  is  also  bedded. 

In  the  cut  of  the  Canada  Pacific  Railroad  aro  irregular  alternations 
of  vitreous  quarfzyte  and  diabasic  rock,  but  the  two  are  not  seen  to 
be  iuterbedded.  Their  relation  is  one  oi  unintelligible  confusion. 
The  diabase  is  often  quite  slaty,  but  is  in  isolated  and  fragmentary 
masses,  lying  in  all  positions  in  reference  to  the  structure.  There 
seems  to  have  been  a  junction  here  between  the  quartzyte  and  the  dia- 
base, but  both  are  broken  into  fragments,  and  the  two  are  mixed  in 
great  confusion.  The  quartzyte,  however,  can  generally  be  seen  to 
have  a  tendency  to  a  southeasterly  dip,  and  to  strike  northeast. 
The  diabase  sometimes  shows  bedding:  coincident,  but  the  bedded 
character  is  not  persistent,  and  we  cannot  find  the  diabase  anywhere 
passing  under  the  quartzyte.  In  some  places  it  terminates  by  a  verti- 
cal joint  against  the  quartzyte.  The  quartzyte,  in  approaching  the 
diabase,  sometimes  becomes  darker,  without  ceasing  to  be  strictly  a 
quartzyte.  Some  of  the  slaty  patches  of  the  so-called  diabase  become 
fistinctly  siliceous,  without  the  prescMice  of  isolated  grains:  and  the 
rock  thus  acquires  the  character  of  a  siliceous  argillyte  (418)  in  its  ex- 
terior aspect.  I  did  not  discover  the  evidence  that  these  siliceous 
slates  constitute  any  part  of  the  quartzyte  formation  rather  than  of 
Aeao-called  diabase  slate.  They  are  intermediate  between  the  two. 
North  of  the  cut  of  the  railroad  at  Blind  river  is  a  wide  area  occu- 
pMHl  by  rocks  of  the  same  general  character,  that  is,  quartzytes  and 
iwbaBes,  but  chiefly  here,  diabases.     Of  these,  one  variety  contains 
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only  11  pale  greeniah  feldspar  (415>;  another  coDtaiDs  also  a  pink  feld- 
spar (416).  The  greenish  feldspar,  in  both  varieties,  tends  to  become 
cimflueut  with  the  dark  mineral,  uitd  form  a  feldspathic  ground  mass 
In  other  specimens,  the  dark  mineral  remains  well  isolated,  and  in 
places  tends  to  a  lamellar  crjstallization  (417). 


Fig.  12- — AJi'hl  of  diabase.  Blind  rirer,  Ontario, 

Similar  alternations  of  (]uarti!j'te  and  diabase  are  found  in  all  the 
snrroundint;  regions,  and  upon  the  islands  contiguous  to  the  moutii 
of  the  river. 

On  (ho  riiilruud  track,  une  mile  west  of  Blind  river,  we  find  diabase 
appureutly  identical  with  that  at  the  sawmill. 

About  one  and  a  quarter  miles  west  of  Blind  river,  south  side  of  the 
railroad,  is  a  large  outcrop,  mostly  diabase;  but  there  is  a  mass  of 
beddod  quartzyte  in  it,  twenty -five  fpet  wide,  and  striking  N.  70°  E. 
It  is  a  white,  compactly  grannlar  rock,  distinctly  betlded,  with  a  dip 
of  75'  toward  the  higher  mass  of  diabase.  The  latter  appears  both 
sidi's  of  the  quart/yte,  but  it  is  not  reveale'1  whether  the  quarCzyte  is 
interbedded.  The  upper  junction  with  the  diabase  is  nearly  vertical 
as  far  as  indicated,  but  dips  southward  about  SS"  apparently,  so  that 
the  beds  of  quartzyte  are  intersected  by  the  diabase  On  the  north 
junction,  the  contact  is  also  about  vertical,  but  dips  rather  northward 
than  southward.  The  quartzyte  traced  eastward  a  few  rods,  is  seen  to 
terminate,  the  diabase  connecting  from  the  south  to  the  north  side. 
On  the  west,  the  quartzyte  passes  under  low  ground  and  disappears. 

This  case  is  very  similar  to  one  in  the  Thessalon  valley  illustrated 
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in  fig.  8.  The  general  relations  of  the  quartzjte  and  diabase  may  also 
be  compared  with  those  seen  at  localities  about  the  mouth  of  McBeth's 
creek  and  in  the  Thessalon  valley.  - 

At  about  two  miles  from  Blind  river,  on  the  west  side  of  the  west 
mouth  of  the  river,  occurs  a  quartzyte  dipping  about  X.  N.  W.  This 
is  soon  succeeded  by  diabase  of  the  fumilar  sort. 

At  two  and  a  half  miles  from  Blind  river,  is  an  outcropping  of  much 
quartzyte,  having  generally  a  dip  toward  the  northwest,  with  reddish 
color,  varying  to  dark  gray,  and  a  vitreo-granular  texture.  Some 
patches  are  of  a  greenish  color,  but  still  completely  siliceous. 
At  the  Missisagui  river,  is  a  rock-cut  on  the  railroad,  one  and  a 
%  half  miles  from  the  mouth  of  the  river.  Here  is  a  distinctly  bedded 
structure  dipping  west  about  45°.  Of  course,  this  may  all  belong  to 
an  erupted  rock  It  may  also  be  the  remains  of  an  originally  sedi- 
mentary arrangement. 

Some  of  the  rock  (419)  is  bluish  black,  with  an  augiticgroundmass, 
in  which  are  imbedded  individuals  of  red  feldspar.     These  are  some- 
times pretty  sharply  outlined  grains,  a  sixteenth  of  an  inch  in  diame- 
ter or  less  (421).     Sometime^)  the  red  feldspar  is  in   minute  blended 
grains  and  strings,  as  if  just  emerging  into  existence  (4'2(>).      Mixed 
with  this  rock,  are  angular  masses  of  red  quartzyte  (424),  tending  to  a 
^     disposition  structurally  similar  to  the  last,  but  certainly  without  evid- 
ence of  true  interbedding.     Portions  have  a  [)etrosiliceous  look  (425). 
In  some  of  the  joints  between  the  two  kinds  of  rock,  are  sheets  of 
dark  slaty  chloritic  rock  (422)  which,  of  course,  may  have  resulted 
from  friction,  and  probably  have,  though  also,  possibly  remnants   of 
an  orii:inally  sedimentary  structure. 

Most  of  the  rock  is  a  bluish  black  mass,  apparently  consistiug  of 
anijite  and  feldspar — thin  edges  being  translucent. 

At  tho  mouth  of  the  Missisagui  river,  on  the  west  side,  is  a  large 
boss  of  diabase  r426).  The  great  mass  appears  to  be  augitic;  but  feld- 
spar is  present  in  white  branching  nuclei.  In  contact  is  a  bed  of 
Tiireous  quartzyte — real  gray  or  smoky  flint  (427) 

On  the  east  side,  at  the  extremity  of  the  promontory,  is  a  great 
in»s  of  flinty  quartzyte.  striking  N.  74°  E,  with  a  dip  south  of  74. 
Thf*  stratification  is  but  little  undulate,  but  diagonal  bedding  is  fre- 
qu<fut.  Bands  of  the  rock  present  the  character  of  siliceous  slate. 
This  flint  is  at  least  180  feet  thick.  It  is  succeeded  on  the  north  by 
compact  diabase.  The  junction  between  the  two  seems  to  be  vertical; 
but  its  bearing  is  N.  66°  E.  and  therefore  intersects  the  bedding  of 
the  quartzyte.     Still  beyond,  the  quartzyte  reappears. 
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In  proceeding  eastward  from  the  point  at  the  mouth  of  the  riyer,  it . 
is  seen  that  the  quartzyte  of  the  point,  after  reaching  a  total  thick* 
ness  of  225  feet,*is  succeeded  by  dark  diabase. 

At  the  mouth  of  Little  Bear  creek,  one  mile  east  of  Missisagai,  dia- 
basic  knobs  appear,  which  continue  along  the  coast  eastward.     Occa- 
sionally, a  section  of  bedded  quartzyte  appears  alongside.     In  one 
instance,  the  junction  could  be  traced  60  feet  under  water.     Then,  on  -, 
the  east  side,  the  quartzyte  terminated  in  a  perpendicular  section,  i 
descending  into  Black  river.  i 

This  coast,  between  Missisagui  and  Blind  rivers,  is  mostly  quarzyte 
of  a  vitreous  variety-  and  steep  dip.  About  one-fifth  is  diabase.  Vast 
quartzose  masses,  with  the  angles  due  to  bedding  and  jointing,  can  be 
seen  passing,  in  many  places,  into  twenty  or  thirty  feet  of  water. 

In  a  comparision  of  the  geology  of  the  Missisagui  and  Blind  rivers 
with  that  of  the  Thessalon  near  the  mouth,  we  find  this  difterenca' 
observable.  The  quartzyte  is  more  vitreous,  and  has  a  higher  dip  than 
that  north  of  Thessalon,  and  is  entirely  destitute  of  pebbles  and  frag-  \ 
monts.  The  diabase  is  mostly  finer  textured  than  that  about  Thessa-; 
Ion  and  Bruce;  but  on  the  contrary,  portions  of  it  are  coarser  textured, 
and  take  on  the  aspect  of  hyposyenite,  or  syenite  of  the  Germans.  ■ 
That  supposes,  however,  that  the  pink  feldspar  so  generally  present  is  - 
orthoclase;  but  the  augitic  appearance  of  the  dark  mineral  would 
render  that  supposition  improbable.  The  mode  of  crybtallization 
moreover,  is  little  like  that  of  syenitic  rocks. 

4.  Generalization  froftt  observations  made  on  the  Huronian  of  Ontario, 
— The  observations  thus  reported  are  deemed  suflScient  to  convey  a 
just  conception  of  the  meaning  of  the  Canadian  geologists  in  propos-  i 
ing  the  Iluronian  system.     It  only  remains  to  correlate  them,  and  as- 1 
certain  wliRt  state  of  facts  gives  rise  to  the  phenomena  observed.  • 

pi 

It  is  very  ov  ident  that  a  large  volume  of  eruptive  rocks,  mostly  dia-a 
bases  and  norytes,  is  present  with  a  great  thickness  of  rocks  of  un*^ 
doubted  sedimentary  origin;  while  an  equal  volume  of  obscurely  slaty 
character,  without  quartz,  presents  an  ambiguous  aspect.     The  latter 
api)ear  to  constitute  the  *' green  chlorite  schist "  of  Logan.     At  Brace 
and  Thessalon,  they  occupy  the  general  surface;  and,  as  far  as  exter*<i 
nal  appearances  go,  might  be  either  an  ancient  and    much    altered;s 
overflow  of  erupted  matter,  or  a  highly  altered  deposit  of  sedimen-'^ 
tary  origin.     In  several  instances  noted,  the  quartzytes  contain  large 
angular  fragments  of  such  character  that  they  seem  derived  from  the 
** green  chlorite  schist,"  or  diabase  schist,  as  I  have  sometimes  styled"^ 
it;     and  this  circumstance  would  give  countenance  to  the  theory  thai- 
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the  latter  are  older,  and  probably  sedimentary  in  origin.    The  uniform- 
itj.  in  the  trend  of  the  obscure  slatiness  observed,  points  also  to  a 
sedimentary  origin.     On  the  other  hand,  the  microscope  reveals  in  the 
DiiDiite  structure,  a  niultitucfe  of  sniHlI,   highly  refractive   crystals, 
imbedded  in  a  lurge  volume  of  amorphous  mattiir.     Krom  some  local- 
ities, rock-sections  contain  many  amygduliir  forms,  refractive,  and  not 
pleocliroic  in  white  light,  but  bluish-green  crystalline  in  polarized 
light,  without  change  on   rotation.     While   I  do  not  consider  a  sub- 
crystalline  structure  demonstrative  of  a  non-sedimentary  origin,  but 
only  of  a  non-sedimeutary  present  character,  i  am  led  to  assume,  for 
the  present,  that  the  slaty  sheets  covering  the  surface  about  Bruce 
.  tnd  Thessalon,  and  generally  about  the  Blind  and  Missisugui  rivers, 
in  the  regions  examined,  arc  really  ancient  overflows  of  erupted  ma- 
terial.    Strongly  corroborative  of  the  correctness  of  this  assumption, 
are  the  minute  amygdular  structures  just  mentioned,  and  the  macro- 
scopic amygdular  forms  described  near  the  head  of  the  bay  at  Thessa- 
lon; since,  on  the  accepted  explanalion  of  the  origin  of  such  features, 
the  vicissitudes  of  a  metamorphic  sediment  supply  conditions  less 
laited  to  their  production  than  do  the  conditions  of  an  erupted  or 
intrusive  mass. 
Whatever  may  be  the  origin  of  the  so-called  diabasic  slates  of  the 
.    coast,  undoubted  diabases,  norytcs  and  gabbros  exist  in  frequent  oc- 
carrence  and  great  abundance  in  the  interior;  and  especially  along 
the  valley  of  the  Thessalon.     But  these  masses  do  not  occur  in  the 
condition  of  wide  overflows      I  found  them  nowhere  occupying  exten- 
sive surface  areas,  or  interbedded  between  sheets  of  clastic  formations, 
nor  even  underlying  them.    They  generally  appear  as  dikes  with  nearly 
vertical  walls,  holding  various  positions  in  reference  to  the  lines  of 
sedimentation  of  the  rocks  which  they  pierce.     Only  iu  one  instance 
did  I  observe  a  diabasic  mass  resting  on  the  sedimentary  rocks.      But 
I  could  not  afiBrm   that  they  nowhere  in  the  interior  exist  as  inter- 
bedded formations. 
I       Passing  by  all  these  intrusive  and  quasi-eruptive  formations,   the 
ckaractiristic  features  of  the  Iluronian  are  to  be  sought  in  its  clastic 
rocks.     Of  these,  we  find  conspicuously,  two  great  quartzyte  forma- 
i     tions— the  Ottertail  and  Thessalon  quartzytes— pretty  closely  approx- 
imated in  vertical  relations,  and  two  great  argilliiic  slate  formations, 
ab-o  closely  approximated  in  a  vertical  sense — the   upper  and  lower 
Plumnier  argillytes.     Whatever  uncertainty  may  exist  in  reference  to 
the  straligraphical   positions  of  subordinate  beds,  there  is  no  doubt 
that  the  relative  situations  of  these  is  correctly  shown  below: 
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Ottertail  (white)  Quartzyte. 

Thessalon  (red  and  gray)  Quartzyte. 

\  Upper. 
Plamraer  (conglomeritic)  Argillyte«< 

(  Lower. 

These  constitute  the  principal  part  of  the  mass  of  Huronian  strata. 
The  Ottertail  or  white  quartzyte  attains  a  vertical  thickness  which  I 
would  estimate  at  four  thousand  feet.  This  estimate  is  based  on  the 
distance  traversed  across  the  formation  in  proceeding  north  a  mile 
and  a  half  from  Ottertail.  The  Thessalon  or  red  ({uartzyte  is  estim- 
ated to  have  a  vertical  thicknessof  five  thousand  feet.  The  method  of 
forming  this  estimate  has  been  explained  in  the  preceding  pages.  The 
Plummer  or  conglomeritic  argillyte  has  also  a  great  thickness.  In  the 
region  north  of  Ottertail  and  Rock  lakes  where  the  northern  outcrop 
occurs,  wo  travelled  across  the  trend  of  the  formation  for  a  distance  of 
over  two  miles,  and  the  northern  limit,  apparently,  was  not  reached. 
At  Murray's  Corner  the  dip  is  75°,  and  at  the  southern  margin,  it  is 
48''.  If  we  assume  the  average  dip  at  50°,  and  the  horizontal  distance 
across  the  formation,  at  two  miles,  we  calculate  the  vertical  thickness 
of  the  Plummer  argillyte  (upper  and  lower),  as  a  little  over  8,000  feet. 
There  would  be  little  risk  in  setting  down  the  aggregate  thickness  of 
these  three  terranes  as  17.000  feet. 

The  Ottertail  quartzyte  is  mostly  white,  sub  vitreous  and  massively 
bedded.  It  contains  few  pebbles.  The  Thessalon  quartzyte  is  less 
massive,  and  generally  contains  ferruginous  and  argillaceous  impur- 
ities. The  upper  portion  especially — but  all  parts  to  some  extent — 
embraces  dispersed  pebbles  of  a  siliceous  character,  often  ranged  in 
courses,  and  among  them  pebbles  of  red  and  black  jasper.  As  bould- 
ers of  a  red  jaspery  conglomerate  are  seen  on  the  south,  there  is 
.reason  to  suppose  the  upper  portion  of  fhe  Thessalon  quartzyte  lo- 
cally assumes  this  character;  and  would  thus  answer  to  Logan's  "red 
jasper  conglomerate,"  which  he  places  between  the  "  red"  and 
''white"  quartzytes.  In  my  estimate  of  thickness,  I  include  the  con- 
glomeritic portion  Some  of  the  pebbles  of  the  red  quartzyte  are 
glassy  vitreous.     It  also  contains  great  angular  masses  of  itself. 

That  which  I  have  designated  the  Plummer  argillyte  seems  to  be 
divided  into  two  portions,  as  I  shall  point  out;  but  both  contain, 
geuf'rally,  disseminated  pebbles.  These  are  mostly  reddish,  and  of 
tJMj  character  of  granulyte,  or  granulitie  gneiss,  up  to  two  feet  in  dia- 
meter. Others  are  of  red  jasper,  white  quartz,  gray  wacke  greenstone, 
<Bvt»iiile  and  mica-bearing  granite.     It  may  therefore,  be  designated 
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conglomeritic.  It  would  be  misleadiiigt  however,  to  style  it  a  con- 
^lomerate,  even  a  ''slate  conglomerate."  Conglomeritic  slate,  how- 
ever, is  admissible.    The  greater  part  of  the  mass  is  a  slate. 

This  slate  is  quite  uniformly  dark  argillyte.  Generally,  also,  it  is 
permeated  by  a  siliceous  constituent.  In  many  places  it  assumes  the 
condition  of  a  siliceous  argillyte,  and  not  unfrequently,  of  a  siliceous 
schist,  more  or  less  darkened,  but  occasionally  vitreous.  It  conveys, 
however,  an  erroneous  conception  to  describe  the  formation,  or  any 
portion  of  it,  as  a  ''  quartzyte,**  or  even  a  quartz  schist.  Some  por- 
tions may  be  denominated  siliceous  schist  or  flint  schist.  Aside  from 
the  disseminated  pebbles  the  formation  is  the  exact  prototype  of  the 
dark  schists  of  Gunfiint  lake  of  Minnesota,  and  of  the  Animike  form- 
ation of  Thunder  bay. 

These  great  formations  present  two  series  of  outcrops.  The  one  is 
on  the  southwest  of  the  Thessalon  river,  with  dips  in  a  northerly 
and  northwesterly  direction;  the  other  series  is  on  the  northeast  of 
the  river,  with  dips  southwesterly.  Owing  to  great  dislocations,  these 
two  series  do  not  precisely  face  each  other.  Thus  the  Thessalon 
valley  marks  the  location  of  a  synclinal,  as  announced  by  the  geolo- 
gists of  Canada. 

Besides  these  great  type  masses  of  the  Huronian,  we  find  some 
relatively  unimportant  terranes,  whose  s^ratigraphical  positions  pro- 
voke discussion.  On  the  north  of  Bruce,  at  the  distance  of  a  mile,  is 
an  impure  limestone,  which  I  will  call  the  Bruce  limestone,  somewhat 
earthy,  crystalline  and  thin-bedded,  but  not  attaining,  as  far  as  I  ob- 
served, a  thickness  exceeding  one  hundred  feet.  In  the  bed  of  the 
stream  at  Ansonia,  is  an  obscure,  siliceous  limestone  appearing  to 
stand  vertically:  and  near  Ottertail,  is  a  very  similar  cherty 
limestone,  dipping  conformably  with  the  neighboring  quartzyte  This 
I  will  designate  the  Ottertail  limestone.  There  can  be  no  risk  in 
identifying  these  two  outcrops,  since  the  rock  is  very  similar  in  the 
two,  and  is  peculiar.  But  on  these  grounds,  the  Bruce  limestone  must 
be  distinguished.     Its  stratis:raphical  position  also,  seems  removed. 

In  addition  to  the  limestones,  we  find  three  separated  outcrops  of 
reddish  felsyte — passing  into  quartzyte  and  granuly te.  Petrographio- 
ally,  they  must  be  identified  but  the  mode  of  showing  how  this  is 
structurally  possible  affords  ground  for  debate. 

Thirdly,  we  find,  especially  about  the  mouth  of  the  Missisagui,  a 
peculiar  vitreous,  often  reddish,  quartzyte — along  the  line  of  the  Can- 
ada Pacific  railroad  surprisingly  broken  and  intermingled  with  dia- 
basic  masdes.    Its  aspect  is  notably  difi^erent  from  that  of  the  Thessa- 
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Ion  and  Ottertail  quartzytes;  it  contains  no  .pebbles;  it  is  not  gran^ 
ular;  and  it  has  also,  a  steeper  dip.     In  constitution  it  is  quite  purely 
siliceous,  and  about  the  mouth  of  the  Missisagui  assumes  the  char- 
acter of  genuine  iliut.     I  do  not  feel  inclined  to  regard  it  us  resting 
ill  continuity  with  either  of  the  other  quartzytes — still  less,  as  the  deep 
sea  representative  of  the  Plummer  slate,     l^etrogrphically,  the  latter 
conclusion  is  reasonable.     Structurally,  the  dip  being  in  the  opposite 
direction  from  that  of  the  Plummer  slate,  an  anticlinal  must  separate 
the  two.    Still,  this  is  not  a  fatal  objection  to  the  vi^w.    A  real  petro- 
graphic  objection,  however  seems  to  lie  against  it  in  the  necessity  of 
supposing  the  Plummer  slate  has  undergone  so  great  a  change  within 
the  distance  of  2)  miles  toward  the  southeast,  while  in    the  opposite 
direction,  it  has  retained  persistent  characters  as  far  as  Thunder  bay 
and  Gunflint  lake — a  distance  in  a  straight  line,  at  least  seven  times 
as  great.     I  sliall  therefore  set  the  Missisagui  quartzyte  down  as  a  dis- 
tinct formation;  and  this  is  what  I  think  Logan  has  intended  to  do. 
Travelling  over  it  four  miles,  from  the  Missisagui  to  Blind  river,  we 
pass  partly  in  the  direction  of  the  strike.     That  is,  the  strike  is  N. 
74°  E.  and  the  li^ie  ol*  const  is  S.  80"*  E.     The  four  miles  of  coast, 
therefore,  go  at  right  angles,  one  and  a  half  miles  across  the  forma- 
tion; and,  as  the  dip  at  the  Missisii^ui  river  is  T-A^.  the  resulting  ver- 
tical thickness  of  the  formation,  supposing  half  the  distance  diabase, 
is  over  3,750  feet.     This  all  depends,  however,  on  the  continuance  if 
a  dip  of  74°  all  tbe  way  between  the  Missisagui  aud  Blind  rivers.    Niy 
formation  of  such  volume  exists  between  the  top  of  the  white  quartz- 
yte and  the  bottom  of  the  Plummer  argillyte;  and  I  shall  therefore, 
put  it  down  below  the  Plummer  argillyte. 

It  remains  to  ascertain  the  positions  of  the  limestones  and  the  fel- 
syte.  If  the  Bruce  limestone  is  distinct,  as  I  believe,  from  the  Otter- 
tail  limestone,  there  ^eems  to  be  no  possible  position  for  it  but  below 
the  Plummer  argillyte;  and,  as  the  Missisagui  quartzyte,  assuredly,  is 
not  above  this  limestone,  it  must  lie  above  that  quartzyte. 

The  Ottertail  limestone  and  the  felsyte  remain.  At  Ottertail,  the 
limestone  lies  constructively  above  the  white  quartzyte;  but  the  red 
(or  lower)  quartzyte  contains  pebbles  of  this  limestone;  and  the  latter 
must  hold  position,  therefore,  below  both  quartzytes.  Moreover, 
at  Ansonia,  its  topographic  and  constructive  position  is  below 
the  red  quartzyte.  Its  regular  stratigraphical  place,  therefore, 
at  Ottertail,  is  9,000  feet  below  the  top  of  the  white  quartzyte; 
but  we  find  it  only  250  feet  below  topographically;  and  if  the 
eighboring  quartzyte  were  produced  to  the  outcrop  of  the  Otter- 
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tail  limestone,  the  latter  would  appear  even  above  the  top  of  the 
former.  This  limestone  must,  therefore,  be  raised  at  least  i»,000 
feet  above  its  original  position;  and  a  fault  of  this  mafi:nitude 
must  run  along  the  valley  of  the  river  in  this  vicinity.  Tlii» 
would  assign  the  Ottertail  buff  and  cherty  limetone  to  a  position  be- 
tween the  red  quartzyte  and  the  Plummer  urgillyte.  Sir  Wiliam  Logani 
has  posited  "yellow  chert  and  limestone*'  between  a  **white  quartzyte 
chert  and  limestone"  above,  and  a  ''white  quartzyte"  below — appar- 
ently within  the  mass  which  I  have  denominated  white  or  Ottertail 
quartzyte. 

Now  as  to  the  felsyte,  I  find  it  exposed  in  three  localities  visited; 
and   in  each  place  I  find  a  small  amount  of  Plummer  argillyte  at  a 
higher  level.     North  of  Ottertail,  the  super^jacent  argillyte  has  a  ver- 
tical  thickness  of  about  a  hundred  and  fifty  or  two  hunired  feet.. 
South  of  Ottertail,  it  is  not  over  sixty  feet  to  the  summit  of  the  hill! 
which  it  caps.     But  both  felsyte  and  argillyte  are  stratigraphically 
out  of  place  in  the  outcrop  south  of  Ottertail.     They  are  far  above 
their  normal  stratigraphic   position.     They   are   also,  within  three* 
quarters  of  a  mile  of  the  Ottertail  limestone,  which  I  have  just  now 
concluded  to  be  raised  9,000  feet  by  a  fault.     But  in  the  next  place^. 
the  felsyte  at  Ottertail,  is  topographically  75  feet  above  the  limestone^ 
while,  as  I  reason,  its  normal  place  is  at  least  150  feet  below  it.     The 
felsvte  then,  has  been  raised  225  feet  more  than  the  limestone.     An- 
other  fault  of  this  amount,  must  therefore,  intervene  in  the  210  roi& 
of  surface  between  the  limestone  and  the  felsyte. 

Recapitulating  and  tabulating  these  conclusions,  we  should  have  the 
Huronian  of  Canada,  as  far  as  observe!,  constituted,  in  descending 
order,  as  follows: 

5.  Ottertail  (white)  Quartzyte 4,000/eeb 

'•I.  White  Quartzyte,  chert  and  Limestone"  and  "i 
White  Quartzyte"  of  Logan. 

7.  Thessalon  (red  and  gray)  Quartzyte 5,000  " 

'^h.  Red  Jasper  Conglomerate**  and  "g.  Red  Quartz- 
yte of  Logan. 
(I  thi§k  Logan's  *'c.  White   Quartzyte"  must 
belong  here  also.) 

6.  Ottertail  Cherty  Limestone  say ••       100 

''k.  Yellow  Chert  and  Limestone"  of  Logan. 

5.  Vpper  Plummer  (conglomeritic  and  siliceous)  Argillyte      500 
**f.  Upper  Slate  Conglomerate"  of  Logan,  in  part. 
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4.  Red  Felsyte,  granuljte  and  quatzyte 100  feet 

Not  mentioDed  by  Logan.     The  "e.  Limestone*'  of 
Logan  is  lower,  and  not  noticed  by  me. 
3.  Lower  (conglomeritic  and  siliceous)  Argillyte 7,400  " 

"d.  Lower  Slate  Conglomerate"  of  Logan. 
.3.  Bruce  Limestone 100  ** 

This  seems  to  be  placed  elsewhere  by  Logan. 
(Logan's  ''Oreen  Chloritic  Slate"  is  in  this  interval.) 
1.  Missisagui  (vitreous)  Quartzyte 3,750  " 

**a.  Qray  Quartzyte"  of  Logan. 

It  will  be  observed  that  neither  the  lower  nor  the  upper  limit  of  the 
Huronian  is  embraced  in  the  observations  above  reported.  It  may 
be  added,  therefore,  that  the  white  quartzyte  is  seen  occupying  the 
north  shore  of  the  Channel  as  far  as  the  St.  Mary's  river,  and  it  ap- 
pears, also,  along  part  of  the  north  shore  of  St.  Joseph's  island.  Here 
I  found  it  immediately  overlaid  by  a  siliceous  and  fossiliferous  lime- 
stone— apparently  the  Cbazy.  The  same  was  observed  years  ago,  at 
Campement  d*Ours  and  ut  Sulphur  island,  six  miles  south-southwest 
of  Thessalon  point  The  same  superposition  is  reported  at  all  the 
islands  ranged  along  parallel  with  the  north  shore  of  the  Channel.  It 
thus  appears  that  the  Huronian  is  a  system  following  downward  im- 
mediately below  the  Lower  Silurian,  in  this  part  of  the  continent.  If 
no  intervening  terranes  are  wanting,  it  follows  that  it  occupies  the 
position  of  the  Taconic  of  Emmons  and  the  Lower  Cambrian  of 
Sedgwick. 

At  its  lower  limit,  it  must  be  succeeded  by  formations  of  vitreous 
•quartz,  red  jasper  and  graywacke,  besides  greenstones,  red  granulytes, 
red  gneiss  and  mica-bearing  granite;  since  fragments  of  all  these  oc- 
•cnr  in  the  Plummer  argillyte.  It  may  be  admitted  that  the  quartzyte 
pebbles  of  the  argillyte  were  derived  from  the  Missisagui  quartzyte; 
but  the  red  jasper  and  graywacke  must  have  been  derived  from  a  ter- 
irane  older  than  the  Huronian,  and  evidently  newer  than  the  crystalline 
masses  of  the  Laurentian.  The  character  of  this  underlying  system 
«will  appear  in  the  records  of  my  subsequent  observation.* 

I  should  not  do  justice  to  my  sentiments  nor  to  the  labors  of  the 

*  A  condenied  ■ynopsts  of  the  fore|(oiDg  observations  and  Inferencee  was  presented  at  the  New  York 
'Meeting  of  the  American  Association  for  the  Advancement  of  Sctence,  under  the  title  of  **TlLe  Hu- 
•ronlan  System  of  Canads.*'  Nothing,  howerer,  has  appeared  in  print  from  my  pen.  Other  commnnl* 
ications  were  similarly  presentel  by  professor  N.  H.  Winchell,  under  the  folowing  llUet#  **Th* 
rSlate  Conglomerate  of  the  original  Huronian  the  Parallel  of  the  Ogishke  Conglomerate  of  MinBMoU,** 
And  "The  Anlmike  Black  Slate  and  Quartzyte  and  the  Ogishke  Conglomerate  of  Miuntiotm  the 
Talent  of  the  original  Huronian.*' 
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<!anadian  pioneers  in  the  Huronian  field,  if  I  should  fail  to  aeknowl- 
-edge  explicitly  the  general  accuracy  of  their  reports,  as  far  as  my  own 
observations  have  gone.  When  we  consider  the  great  intricacy  of 
the  geology,  and  the  extreme  difficulty  of  travel  through  the  region 
when  settlement  was  in  its  infancy,  the  great  amount  accomplished 
with  such  accuracy  of  detail,  may  well  command  our  admiration. 

I  wish  to  reccvd  an  observation  supplementarily,  respecting  the  sur- 
face geology  of  the  district  about  Thessalon.  The  region  generally  is 
•covered  by  an  alluvial  deposit.  This  has  given  the  usual  argillaceous 
«oil  and  subsoil,  accompanied  by  much  standing  water.  But  at  the 
-same  time,  this  soil  when  well  cleared  and  drained,  makes  very  fine 
farms,  and  is  already  much  improved.  Crops  of  timothy  grass  and 
clover  are  especially  rank.  I  saw  also,  good  spring  wheat,  oats  and 
peas.    Still,  so  far  as  I  observed,  proper  drainage  is  generally  neglected. 

Over  the  alluvial  clay,  I  observed  extensive  regions  occupied  by  fine 
sand,  and  here  is  a  truly  warm  and  productive  soil.  I  saw  Indian  corn 
growing  in  some  gardens;  and  it  was  nearly  as  rank  as  that  iu  south- 
cm  Michigan.  But  I  saw  none  in  the  fields;  and  I  presume  the  au- 
tumnal frosts  are  too  early  for  field  corn. 

I  observed  numerous  ancient  beaches  at  elevations  within  100  feet  of 
the  present  lake  level.  Indeed  I  should  suppose  an  ancient  beach  would 
surround  each  of  the  rocky  knobs  which  must  have  projected  as 
islands  from  the  former  lake — as  many  still  project  above  the  actual 
tsurface  of  the  North  Channel.  I  crossed  one  old  beach  which  had 
low  land  on  both  sides,  and  must  have  been  a  point,  perhaps  sub- 
merged, at  the  time  of  the  former  extension  of  the  lake — ^just  as 
Thessalon  point  at  present,  projects  miles  into  the  modern  lake  That 
Thessalon  point  is  an  ancient  beach  or  reef  I  have  ascertained — but 
still,  there  may  be  a  foundation  of  erupted  rock. 

§   3.— OBSERVATIONS   IN  OTHER   REGIONS   OUTSIDE   OF   MINNESOTA. 

1. — The  Marquette  Iron  Region.  The  geological  position  of  the  iron 
ores  of  this  region  has  been  generally,  though  not  universally,  re. 
yarded  as  within  the  Hui  oniau  system.  The  observation  of  the  true 
character  of  the  typical  Huronian  rocks  of  Canada  rendered  it  neces- 
sary to  ascertain  how  far  the  iron-bearing  rocks  of  Marquette  agree 
with  them,  and,  in  case  of  difference,  to  determine  whether  any  por- 
tion  so  agrees,  and  in  what  respect  the  other  portions  disagree.  It 
was  also  necessary  to  determine  whether  the  iron-bearing  rocks  of  the 
Marquette  range  can  be  identified  with  those  of  the  Vermilion  range. 
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a  litbological  amemblage  which  was  supposed  to  stretch  to  the  nortb* 
eastern  limit  of  Minnesota. 

My  studies  in  this  region  were  directed  only  to  certain  points,  and 
with  reference  to  information  desired  on  particular  questions.  The 
research  began  at  Ishpeming,  and  a  few  memoranda  of  facts  are  here 
recorded. 

I  am  much  indebted  to  Mr.  Hall,  the  superintendent  of  the  Lake 
Superior  mining  properties,  for  the  use  of  means  of  eonveyance,  and  for 
his  company  and  many  details  of  information.  In  the  office  I  wa» 
shown  a  very  extensive  series  of  drawings  of  the  mining  property, 
including  numerous  vertical  sections  across  the  iron*bearing  lodes, 
and  along  their  axis.  Mr.  Sturtevant,  the  engineer,  had  the  goodness 
to  prepare  for  me  two  sections  across  the  soft  haematite  deposit,  ancl 
one  along  its  axis.    These  are  presented  below  on  a  reduced  scale. 

The  accompanying  diagrams  show  that  the  great  iron*bearing  lodes 
of  the  Marquette  region  do  not  occur  in  isolated  lentieuiar  forms,  as  has 
been  sometimes  supposed;  but  are  really  interstraiiiied  in  the  forma- 
tion,  as  at  Tower.  Here  however,  all  the  stratification  is  much  dis* 
turbed  and  wrinkled.  Besides  what  these  diagrams  illustrate,  Mr. 
Hall  pointed  out  on  the  ground,  the  evidences  that  the  deposit  in  trans- 
verse section  was  originally  bent  into  the  form  of  an  S,  giving  thu^  at 
differents  points  in  its  breadth  synclinal  and  anticlinal  attitudes. 

Mr.  Hall  showed  me,  also,  many  samples  of  the  gold  taken  from  the 
Ropes  gold  mine,  and  other  samples  of  gold*bearing  quartz  from  a 
new  find  recently  made  on  the  property  of  the  Lake  Superior  Com- 
pany. These  localities  are  both  within  three  or  four  miles  of  Ishpem- 
ing,  on  the  north. 

In  an  old  opeaing  of  the  Lake  Superior  Company,  Sec.  19,  T  4T-2T 
(rocks  453,  454),  the  deposit  of  iron  is  seen  to  run  east  and  west,  with 
a  dip  N.  63°.  The  hanging  wall  is  a  quartzose  conglomerate.  This, 
however,  sometimes  continues  through  the  iron  deposit  in  modified 
character. 

Twenty  rods  north  of  this  place,  immediately  east  of  the  Saginaw 
mine,  is  a  boss  of  a  curious  couglomerate  (455),  consisting  largely  of 
iron—u  sort  of  imperfectly  bedded  groundmass  of  a  haematitic  char* 
acter — in  which  are  imbedded  rounded  and  partly  angular  pebbles  and 
fragments  of  red  jasper,  white  quartz,  flint,  glassy  quartz,  and  less 
important  fragments.  This  has  been  bored  into,  and,  according  to 
idr.  Hall's  recollection,  it  is  at  least  400  feet  thick.  Here  the  Lake 
il^uperior  Company  did  a  good  amount  of  mining;   and  the  Saginaw 
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jOtnpany  did   much  oa  the  westirard  coutiaaatioD  of  the  deposit- 
Jut  all  work  is  now  abaudoued. 

About  one  and  a  half  miles  west  of  lahpeming  is  an  outcrop  of  a> 
lark,  Bi^illitic,  sericitic  slate  (456).  It  dips  N.  10°  E.  at  an  angle- 
f  70°.  Conformable  with  this  is  a  bed  of  gra;,  rusty-speckled,. 
TBDalar  quartsyte  (457)  underlying  the  other. 
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From  information  gathered  at  Ishpeming  from  Mr.  Taft,  the  chemist 
of  the  Cleveland  Iron  Mining  Company,  from  Mr.  J.  R.  Wood,  and 
others,  it  appears  that  a  synclinal  exists  in  this  vicinity,  with  a 
southern  outcrop,  on  which  the  town  is  located,  and  another  three  or 
four  miles  to  the  north.  The  downward  succession  of  the  beds  in 
this  synclinal  is  as  follows:  1.  Red  slate;  2.  Black  slate  and  mixed 
ore;  3.  Ore;  5.  Talcose  rock,  so-called;  6.  Dioryte  The  red  slates 
are  banded  haematite  and  jasper — pretty  hard.  The  black  slates  are 
magnetic  jasper,  and  the  mixed  ore  is  similar  to  the  red  slate  bed,  but 
contains  more  ore.  The  talc  is  essentially  argillitic.  This  is  also 
true  of  the  **  chlorite  rock,"  so-called — a  rock  also  styled  by  some, 
'*talc,"  and  by  the  miners,  **soap  rock." 

One  and  a  half  miles  north  of  Ishpeming,  on  the  Deer  lake  road,  is 
au  outcrop  of  qnartzyte,  having  a  dip  quite  steep — about  70^  It 
contains  beds  of  quartz  pebbles. 

About  two  and  a  half  miles  from  Ishpeming,  on  the  road  to  Deer 
lake,  and  one-third  of  a  mile  south  of  the  saw-mill  at  Deer  lake,  is  a 
hip^h  knob  on  the  right  of  the  road.  It  consists  of  nearly  vertical 
slates  (458),  which  would  formerly  have  been  called  talcose.  In  some 
portions,  however,  are  developed  multitudes  of  feldspar  crystals.  It 
is,  therefore,  in  the  condition  which  I  have  styled  **  porphyrel  "  (469;. 

Climbinc:  to  the  top  of  the  hill,  we  find  an  obscure  conglomeritic 
structure,  like  that  at  Stuntz's  island,  in  Vermilion  lake.  The  re- 
semblance is  confirmed  by  the  presence  of  isolated  portions  looking 
serpentinous  or  talcose^  and  by  the  existence  of  many  obscure,  inter- 
secting quartzose  veins.  The  obscurely  outlined  pebbles,  it  should 
be  recorded,  are  essentially  identical  with  the  country  rock,  as  at 
Stuntz's  island. 

All  this  confirms  the  parallelism  of  the  Marquette  and  Vermilion 
iron-bearing  groups,  and  the  non-Hurouian  character  of  both. 

In  the  hicrhway  by  the  bridge  at  Deer  lake,  and  about  in  the  strike 
of  the  ridge  last  mentioned,  is  an  outcrop  of  rock  (460,  461),  which 
to  me  appears  sedimentary;  but  assuredly  it  is  much  altered,  and  pre- 
sents a  quasi-eruptive  aspect.  It  is  admittedly  the  equivalent  of  the 
Stuntz  island  rock;  and  they  who  regard  that  as  eruptive  will  pro- 
nounce this  eruptive  also.  The  rock  here  contains  foreign  pebbles; 
and  I  regard  that  as  conclusive  evidence  of  a  fragmental  origin. 
The  Bchistosity,  also,  is  completely  conformable  with  that  of  the 
neighboring  sericitic  slate. 

On  the  west  side  of  the  bridge  at  Deer  lake  the  rock  (462)  is  highly 
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aud  distinctly  conglomeritic;  but  having  a  slaty  structure,  with  beds 
standing  vertical.  It  might  by  some  be  regarded  as  having  a  basaltic 
structure.  In  places  it  passes  to  a  still  more  eruptive-looking  rock. 
The  resemblance  to  Stuntz  island  is  maintained.  Still,  I  think  the 
formation  was  sedimentary  originally,  and  that  it  retains  distinct 
traces  of  its  original  condition. 

The  conglomeritic  aspect  comes  out  chiefly  on  the  weathered  sur- 
faces. Some  of  the  fragments  are  angular,  some  rounded,  and  many 
elongated  in  the  direction  of  the  structure,  i.  e.  vertically. 

Twenty  rods  south  of  the  last  point,  along  the  railroad  west  side  of 
Deer  lake,  occurs  a  quartzyte  (463)  dark  gray  and  red  in  bands.  This 
dips  S.  25^  E.  at  an  angle  of  55°.  The  rock  is  rather  vitreous.  The 
lower  part  of  it  is  darkened  by  the  presence  of  hsematitic  material 
apparently,  and  contains  thin  bands  of  haematite.  The  higher  part 
becomes  almost  uniform  in  color,  of  pinkish  gray.  Still  higher  it  is 
whitish.  The  quartzyte  and  the  slate  are  not  seen  in  juxtaposition. 
An  interval  of  four  rods  separates  their  nearest  outcrops.  The  verti- 
cal structure  of  the  slate,  however,  is  strikingly  unconformable  with 
the  dip  of  the  quartzyte;  and  favors,  perhaps  the  theory  of  the  erup- 
tive origin  of  the  slate. 

At  a  point  about  two  and  a  half  miles  east  of  the  Ropes  gold  mine, 
(1069),  near  the  charcoal  pits,  we  observed  a  large  pile  of  rock-frag- 
ments said  to  have  been  brought  from  the  gold  mine  to  use  as  a  flux. 
The  fragments  indeed  contain  a  large  percentage  of  calcium  carbon- 
ate; but  there  is  present  also  so  large  a  quantity  of  talc  that  the 
material  is  said  to  have  proved  unservicable.  Yet  we  obtained  fine 
specimens  of  amorphous  (464)  and  crystalline  (465)  talc.  Noticing  that 
the  rock  on  weathering  acquires  a  deep  stain  of  iron  rust,  we  judged 
that  it  probably  has  the  composition  of  ankerite. 

At  the  Ropes  Gold  mine,  it  was  observed  that  the  gold-bearing 
<iuartz  vein  occurs  in  a  rock  appearing  like  a  chlorite  slate  (466) — 
though  probably  a  compact  firgillyte — appearing  to  be  the  same  forma- 
tion as  that  seen  at  the  knob  east  of  Deer  lake,  and  on  both  sides  of 
the  bridge  at  the  lake.  The  shaft  at  this  mine  was  stated  to  be  about 
260  feet  deep  with  seven  levels.  In  the  mill  twenty  stamps  are  in. 
operation. 

On  the  return  to  Ishpemiug,  we  examined  a  spot  on  the  opposite  side 
of  the  road  from  the  knob  before  mentioned,  458.  Here  is  a  formation 
consisting  of  thin-bedded  quartz  with  laminated,  sericitic  schist  (468) 
more  or  less  siliceous,  intervening.  Dip  S.  15°  E.  amounting  to  64^. 
The  formation  occupies  the  interval  noticed  on  the  opposite  side  of  the 
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lake»  between  the  nearest  outcrops  of  the  quartzyte  and  slate.  The 
gap  is  evidently  due  to  the  easier  disintegration  of  the  thin-laminated 
rock. 

In  company  with  Mr.  Taft,  chemist,  we  visited  the  Cleveland  mine, 
and  made  a  careful  examination  of  the  'Mump."  At  our  request  Mr. 
Taft  took  a  sample  of  the  green  argillyte,  Rock  469a,  and  a  sample  of 
the  ashen  argillytc,  470a,  to  subject  to  careful  analysis.  The  result, 
as  subsequently  communicated  to  me,  and  which  will  probably  be 
elsewhere  published  in  full,  establishes  what  was  ];)efore  stated,  that 
the  rock  variously  known  as  talcose  slate,  chlorite  slate,  or  soap  rock 
is  essentially  an  argillyte.* 

At  this  mine  were  found  martite  crystals  (471) ;  and  Mr.  Taft  showed 
a  specimen  of  an  iron  breccia,  very  similar  to  the  conglomerate  seen 
at  the  Saginaw  mine,  455.  This,  he  says,  is  terminated  abruptly  by 
the  overlying  quartzyte. 

At  the  Michigamme  mine,  we  found  the  rock  immediately  over  the 
ore  to  be  a  quartzose  chlorite  schist  (472).  Above  this  is  a  thin-bedded 
quartzyte,  similar  to  that  seen  under  the  quartzyte  east  side  of  Deer 
lake. 

The  first  knob  north  of  Michigamme  mine  is  formed  of  diory  te,  so- 
called  (478).  The  higher  knob,  farther  north  is  formed  of  **  granite  " 
(474).  Immediately  in  contact  with  this  is  a  greenish  quartzyte, 
which  passes  by  transition  into  the  granite.  Professor  Irving,  who 
accompanied  us,  represented  this  as  the  usual  character  of  the  contact. 
It  might  also  signify  that  the  *'  granite  '*  was  originally  a  sedimentary 
rock,  but  containing  more  feldspar-making  elements  than  the  quartz- 
yte, metamorphism  changed  it  to  a  rock  of  the  granite  series,  but 
could  not  make  anything  but  a  quartzyte  of  the  overlying  beds. 

*  Tbe  tamplen  bear  the  nnmbera  of  the  eeiies  of  N.  H.  Winchell.  The  anatyees  done  by  Mr.  Taft 
were  omitted  accidentHlly  in  the  proper  place,  and  are  appended  here. 

No.  ie36.  No.  1286 

(46911)  <470a) 

SI  02 27.13  98.36 

Fe  O 2150  2.38 

Fe203 9.80  11.30 

Al«03 24.28  3664 

Ca  O trace  .86 

MfO 4.21  13.21 

H«  0 7.10  2.89 

ToUl 93.97  96.08 

Mr.  T«ft  remarks:  'They  are  both  abort  about  Ave  per  cent  and  I  fail  to  account  for  it,  except  that 
tbcy  may  conUln  aoda  and  poiaaaa.  I  have  not  means  for  determining  these  elements  properly,  and 
haw  ostd  all  of  one  of  my  tamplia."  [N*.  H.  W.] 
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I  proceeded  to  the  sannnit  of  this  rmnge  and  worked  eastward  itt 
search  of  a  gneissic  stmctare  in  the  granite,  bat  the  surface  was  gen- 
erally concealed.  Descending  at  the  distance  of  abont  twelre  rods,  I 
foand  the  qoartzjte  (475)  again  in  contact  with  the  granite;  bat  the 
contact  here  is  abrupt.  I  foand  the  granite  intersected  bj  a  diabase 
dike  (476). 

A  short  distance  soatheast  of  here  is  a  small,  sharp,  high  eli£F  of 
qaartxyte,  thin-bedded  and  with  interlaminations  of  sericitie  sheets 
(477).  These  contain  mnltitndes  of  garnet-like  minerals.  A  short 
distance  south  of  this  is  a  ledge,  unquestionably  in  place,  dipping 
southward  66  .    The  dip  in  the  sharp  knob  is  eS""  toward  N.  S8^  W. 

At  the  east  end  of  the  marsh  is  a  preeipitous  exposure  of  dark  gray, 
distinctly  bedded  quartzyte  (478),  with  a  diabase  dike  throogh  it. 
The  dii>  is  rarious  in  direction  and  amount.  The  great  mass,  how- 
ever, is  Dearly  horizontal,  or  slightly  eastward-dipping: 

In  visitiug  the  Swan  mine,  east  of  Negaunee,  I  •bseired  on  the- 
dump  heap  interlaminated  fine  sandstone  and  haematite  (479),  and,  in> 
contiguity,  cbalcedonic  silica  and  haematite  (4S));  and  finally,  jasper- 
Old  laminae  (481)  and  haematitic.  All  these  were  necessarily  formed 
in  continuity  by  the  same  kind  of  action  in  the  same  spot.  But  it  is- 
incredible  that  all  these  should  be  the  product  of  eruptive  action. 

At  the  lower  shaft  of  the  Buffalo  mine  I  saw  the  same  material 
taken  out  as  at  the  Swan  mine.  As  these  materials  are  above  the  ore, 
it  would  follow  that  ore  probably  underlies  them  at  the  Swan  mine.^ 
The  ore  is  soft  and  earthy.  The  open  excavation  near  the  upper 
shaft  shows  the  ore  and  country  rock  in  great  confusion;  but,  in 
general,  with  a  northerly  and  steep  dip. 

One-fourth  mile  north  of  the  Buffalo  mine,  on  the  railroad,  is  an 
outcrop  of  quartzose  schist  and  slate.  The  so-called  quartzyte  (482) 
is  not  quartzyte.    It  is  greenish  chloritic  and  quartzose.  • 

Across  the  railroad  is  a  black  argillyte  (484),  thin-laminated,  dip* 
ping  northerly,  but  at  a  much  lower  angle  than  the  "quartzyte,'** 
so-called.  It  is  unconformable  with  the  quartzyte.  The  slate  (483),. 
interbedded  with  the '*  quartzyte,"  is  decidedly  another  formation^ 
unlike  the  argillyte  of  black  color. 

It  is  worthy  of  particular  remark  that  this  black  slate  resembles  the 
Animike  black  slate;  and  its  unconformability  with  an  underlying 
formation  is  also  very  suggestive.  The  dip  of  the  black  slate  is  40"^ 
toward  N.  5V  W.     The  greenish  slate,  or  the  so-called  **quartayte," 
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on  the  opposite  side  of  tbe  railway,  dips  47°  toward  S.  62°  W;    at 
another  place,  S.  82"  W. 

Near  b;  I  find  a  contact  between  the  slate  and  the  sandstone- 
(quartzjrte)  like  the  following: 


Fig.  15.    Contact  of  slate  and  quartzose  sandstone,  one-fourth  mile 
voitk  of  Buffalo  mine,  near  Negaunee. 

This  slate  is  ftirtber  mixed  with  the  sandstone  by  imbedding  ot 
flakes. 

The  Qnconformability  of  the  two  slates  is  farther  illastrated  and' 
established  by  obs^rTations  on  the  neighboring  hill-slope  a  little 
farther  northwest.  Tbe  argillitic  slate  (485)  is  here  largely  developed. 
It  possesses  a  vertical  slaty  structure;  bat  it  has  an  unmistakable 
sedimentary  dip  ererywbere  toward  N.  51°  W.,  conformably  with  that 
of  4e4.  This,  therefore,  is  a  higher  stratigraphical  position  than  that 
of  464;  bnt  it  is  unmistakably  the  same  formation.     Is  it  Animike? 

Tbe  opening  of  the  Iron  CliSs  Company  is  adjacent  to  the  "  Sam. 
Mitchell  mine."  The  work  here  is  arrested  by  an  anomalous  disposj. 
tion  of  formations.  The  ore  deposit  is  cut  off  by  a  quartzyte.  This 
qnartzyte  is  south  .dipping,  and  a  shaft  was  carried  down  along  the' 
south  side  of  it,  when  it  was  intercepted  by  a  north-dipping  quarzyte 
(480).  The  two  quarzytes  seemed  uow  to  fold  together  and  inclose  a 
•elvage  of  green  rock.  Along  this  selvage  the  shaft  is  continurd 
almost  vertically.  The  quartzytes  are'  both  greenish,  and  do  not 
differ  except  that  a  few  ferruginous  patches  occur  in  the  southward 
dipping  one.  This  is  not  the  place  to  offer  any  reasoniuK  as  to  the- 
probabiiity  of  recovering  the  ore  deposit.  Still,  it  may  be  said  that 
the  bedding  of  the  formation  iu  general  is  northward,  and  the  south- 
ward-dipping  quartzyte  should  be  of  tbe  nature  of  a  vein  with  the 
ore  body  nnder  it,  more  or  less  displaced.  This  view  is  favored  by 
what  IB  seen  in  the  brush  one-eighth  of  a  mile  north  of  the  mine,  to 
which  superintendent  Sodergren  accompanied  me.     Here  is  an  out- 
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crop  of  quartzyto  (487),  dark  gray  but  f^ranular  siliceous,  thought  bf 
him  to  be  the  southward-dipping  quartzyte.  A  few  rods  tu&gt 
north,  also,  are  some  test-pits  and  one  shaft  planked  up.  Fiw 
the  bottom  of  the  latter  was  thrown  out  a  quantity  of  qaartsyli; 
fragments  of  dark  gray  color,  resembling  the  southward-dippisg 
quartzyte,  but,  still,  not  of  grains  so  uniform  in  size  and  constitutioL 
In  a  cliff  west  of  these  localities  is  a  large  outcrop  of  qaartasjtii 
so-called,  dipping  north;  but  this  is  a  different  quartzyte. 

It  looks  on  the  whole,  therefore,  as  if  the  prevailing  dip  of  A|| 
formation  hereabouts  were  northward,  and  the  80uthward«dippi| 
quartz  a  mere  vein,  of  probably  no  great  thickness;  and  the  ore  oo^ 
to  be  under  it.  i 

Some  observations  were  made  in  the  district  north  of  NegaoM 
and  Teal  lake.  North  of  the  east  end  of  Teal  lake  is  a  massive  rao|l 
of  quartzyte  (488).  It  is  gray,  granular,  vitreous,  blotched  with  nJ| 
thick-bedded,  with  various  joints,  and  an  appearance  of  sedimentai| 
structure  dipping  south  at  an  angle  of  65"^.  This'  quartzyte,  in  ill 
physical  characters,  is  unlike  that  (487)  in  the  ridge  visited  wii)i 
Supt.  Sodergren.  It  is  much  more  compact  and  vitreous;  that  ^ 
granular,  with  intergranular  cement;  still,  the  grains  of  this  are  dii 
tinctly  defined,  though  glassy.  Tho  formation  has  some  thin  setfl 
of.  black  crystalline  haematite. 

At  the  west  limit  of  this  quartzyte  knob  we  find  a  deposit  ol 
eericitic  schist,  argillitic  and  ferruginous.  Its  relation  to  the  qaaiti> 
yte  is  ambiguous.  It  looks  like  a  vein  or  dike,  but  is  exceeding 
schistose,  and  its  schistosity  is  not  conformable  with  the  bedcUvl 
of  the  quartzyte.  The  knob  next  west  of  this  is  all  of  the  itai 
•quartzyte.  The  range  seems  to  be  a  continuation  of  that  north  d 
Ishperaing. 

On  the  northern  border  of  the  city  of  Negaunee,  and  not  far  it- 
moved  from  the  south  side  of  Teal  lake,  is  a  high  dioryte  knobci 
•ridge.  On  the  north  side  of  this  is  the  Eldridge  mine.  The  ore  bod|f 
is  not  reached.  The  surface  rock  was  ''soap  rock;*'  and  this  wtf 
continuing  at  the  depth  of  153  feet.  The  dip  is  southward  about  0(r. 
For  a  hundred  feet  a  good  deal  of  iron  had  been  mixed  with  tbi 
*'8oap.*' 

At  the  Hartford  Mining  Co  *s  mine,  also  on  the  south  of  Teal  Itk^ 
and  half  a  mile  north  of  the  Eldridge,  a  shaft  was  sunk  sixty  feet  deep. 
There  they  struck  ore  and  are  now  drifting  east  and  west — the  M 
having  a  southerly  dip.  The  overlying  rock  was  banded,  siliceon* 
hsematitic  schist.     The  ore  is  a  soft  rich  haematite. 
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At  the  Cambria  mine  south  of  the  west  end  of  Teal  lake,  we  ascer- 
tain that  the  general  dip  of  all  the  rock  in  this  neighborhood  is  steeply 
southward.  There  is  a  large  main  deposit  of  ore,  on  which  are  located 
the  Hartford,  Cambria,  Lily,  and  another  mine.  The  Hartford  and 
Lily  are  still  working,  but  the  Cambria  has  ceased  to  be  productive. 
The  working  ended  with  jasper  on  all  sides.  They  have  drilled  into 
the  jasper  in  various  directions.  North,  they  come  into  banded,  silic- 
eous haematite,  similar  to  the  overlying  rocks.  On  the  south  they 
claim  to  have  fonud  ore. 

Since  the  loss  of  the  main  deposit  the  management  have  sunk  a  new 
shaft  850  feet,  and  have  drifted  in  various  directions  at  the  2d,  3d,4tb 
and  5th  levels,  and  found  thin,  irregular  beds  of  ore,  one  of  which 
trends  northwest,  but  is  only  one  or  two  feet  thick.  On  the  sixth  level 
they  found  no  ore. 

The  general  conclusion  geologically  is,  that  the  stratification  is  ex- 
tremely irregular,  and  ore  deposits  not  to  be  long  depended  on. 

A  few  studies  were  made  at  Marquette.  At  the  end  of  Bluff  street,. 
on  the  peninsula  by  the  saw-mill,  is  an  outcrop  of  sericitic  schist  (489> 
with  vertical  schistosity,  and  crumbling  to  chips.  It  is  drab,  pervaded 
by  dashes  of  a  dull  pink  color.  The  bedding  is  wavy,  inclosing  lenti- 
cales  of  quartz  (490).  The  sedimentary  bedding  planer  are  visible,, 
dipping  N.  S"*  E.  at  an  angle  of  about  15^ 

Twenty  rods  farther  northeast,  are  rounded  glaciated  bosses  (491) 
of  an  ambiguous  character,  but  reminding  one  of  rocks  at  Thessalon; 
yet  nowhere  plainly  diabasic.  Over  the  surface  are  seen  streams  look- 
ing like  fluid  currents,  with  many  oblong  and  lenticular  pieces,  of  the 
country  rock — such  as  occur  at  Thessalon,  and  many  loealities  in  the 
Vermilion  region.  At  the  same  time,  there  are  places  which  reveal 
a  structure  dipping  northward,  and  looking  sedimentary.  The  rock 
varies  much  within  short  distances,  in  texture,  hardness  and  compo- 
sition. 

Near  the  light  house,  but  not  at  the  point,  rises  a  roui»led  smooth 
boss  (492),  as  before,  but  with  very  distinct  banding  on  the  surface, 
which  dips  N.  l**  E.  at  an  angle  of  71°.  Careful  examioatioa  with 
a  lens  reveals  no  free  quartz,  but  the  rock  is  rather  hard,,  and  rings 
under  the  hammer.  Silica  is  probably  present;  though  scratched  on 
the  fresh  or  weathered  surface,  there  is  no  indication  of  a  free  quartz- 
ose  constituent.  It  has  scarcely  the  hardness  of  feldspar  on  the  fresh 
surface;  and  the  whole  rock,  as  far  as  I  can  make  out  in  the  field,  is 
a  felsitic  schist,  though  the  feldspathie  ingredient  d€>es  not  appear  to 
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be  orthoclase.    This  is  the  best  conclasion  I  can  reach  from  the  data 
supplied  at  this  spot. 

This  formation  strikes  a  few  rods  to  the  north  of  the  last  two 
localities.  The  same  sort  of  rock  continues  toward  the  light  house; 
but  the  exposure  there  is  further  north,  and  stratigraphically  above. 
A  dike  of  diabase  is  seen  cutting  it. 

At  the  Light  House  point,  Marquette,  the  formation  presents  a 
banded  structure,  and  a  striking  appearance  of  steeply  dipping  sedi- 
mentary rock.  Here  also,  is  the  felsitic  rock  weathering  red,  and  in 
places  becoming  a  porphyry  (493).  The  band«d  schist  weathers  dark, 
aud  on  fracture,  is  dark.  It  appears  to  be  an  intimate  mixture  of 
feldspar  and  hornblende;  containing  many  glistening  points.  Thin 
scales  have  a  dark  greenish  translucency ;  and  the  weathered  surface 
has  a  fibrous,  sericitic  aspect  (494). 

This  formation  is  intersected  by  dikes  nearly  parallel  with  the  bed- 
ding, and  by  another  great  dike  making  an  angle  of  60''  with  the  first 
set.  Further  research  reveals  the  fact  that  the  felsitic  and  porphyritic 
mass  is  in  the  nature  of  a  broad  dike  nearly  conformable  with  the  dark- 
banded  schist;  but  really  bounded  on  both  sides  by  a  slightly  discern- 
ible unconformity.  The  porphyry  and  schist  are  intersected  by  small 
diabase  dikes  parallel  with  the  schistic  bedding;  and  that  gives  the 
appearance  of  bedding  to  the  porphyry.  Then,  also,  the  whole  forma- 
tion is  cut  by  two  great  dikes  running  nearly  north  and  south. 

In  one  place,  I  saw  a  banding  transverse  to  that  of  the  schists;  and 
that  awoke  the  suspicion  that  the  main  banding  may  have  been  caused 
in  a  similar  way.  But  after  careful  study  I  concluded  that  the  trans- 
verse banding  is  in  the  nature  of  veins  Sometimes,  in  the  porphyry, 
— which  in  many  places  is  simply  felsytic — the  transverse  veins  give 
the  appearance  of  a  woven  fabric. 

Proceeding  toward  the  extremity  of  Light  House  point,  I  find  a 
similar  schist  continuing;  but  opposite  the  Light  House,  it  is  crossed 
by  an  enormous  dike  of  greenstone,  at  least  a  hundred  feet  wide,  and 
divided  longitudinally  by  joints  about  fifteen  feet  apart;  and  these 
being  unequally  eroded,  leave  great  gaps,  as  if  each  section  were  itself 
a  dike. 

Some  portions  of  the  schist  become  exceedingly  hard  and  diabasic, 
and  I  find  again  the  cross  banding  noticed  above. 

On  the  north  side  of  the  point  is  another  great  dike,  about  thirty 
feet  wide,  belonging  to  still  another  system;  for  it  trends  exactly  east 
Hnd  west,  and  dips  north  at  an  angle  of  77°.     It  is  granular  and  glist- 
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■enittg,  bot  tbere  is  no  free  quartz.  The  powder  is  bluish-white,  and 
the  glistening  seems  to  be  due  to  faces  of  labradorite.  I  made  a 
search  to  find  the  intersection  of  this  dike  with  the  great  north-south 
■dike  immediately  east  of  the  light  house.  This  dike  continues  beyond 
the  place  of  intersection,  and  runs  north  of  the  light  honse;  but  at 
-the  place  where  the  intersection  should  be,  neither  dike  ia  certainty 
identifiable.  I  judge,  however,  that  the  east-west  dike  cnts  the  other. 
If  so,  the  eaat-west  dike  is  next  to  the  last  geological  phenomenon  iu 
the  history  recorded  in  the  structure  of  the  rocks  forming  this  point. 
The  granulitic  veins  which  I  have  found  intersecting  all  the  other  dike 
«tractures,  undoubtedly  iuteraect  this  also.  We  should  have  there* 
-fore,  the  successiye.  epochs  of  the  geological  history  of  the  point 
marked  off  as  indicated  in  the  following  diagram : 
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Diaifram  illuslratintf   geological  epochs  evidenced  at    fjii/lit 
Houae point,  Marquette,  Michigan. 


1.  Epoch  of  the  fnudamental  dark  schist. 

2.  Epoch  of  the  porphyry. 

3.  Epoch  of  the  little  dikes,  nearly  conformable  with  the  schi-!l.. 
bnt  not  entirely  so. 

4.  Epoch  of  the  great  north-south  diltes, 

5.  Epoch  of  the  great  east-west  dikes. 

6-     Epoch  of  the  granulitic  veins,  which  cut  tbe  great  dikes. 
This  is  a  new  and  instructive  example  to  illustrate  well  known 
principles  in  structural  geology. 

The  few  statements  msfle  in   reference  to  the  mode  of  occurrence 
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and  the  associations  of  ore  deposits  in  the  Marqaette  district,  will,  it 
is  hoped,  possess  some  interest  for  citizens  of  Minnesota  connected 
with  the  iron  developments  of  the  "Vermilion  Range."  The  facts 
noted  of  a  purely  geological  character  reflect  important  light  on  the 
geological  parallelism  of  the  Marquette  and  Vermilion  ranges;  and 
indirectly,  on  the  economic  questions  concerned  in  Minnesota  mining. 
It  is  only  the  geologic  outcome  of  the  comparison,  howerer,  with 
which,  in  this  place,  we  are  concerned;  and  it  may  be  stated  as  I  un- 
derstand it,  in  the  following  propositions: 

(1.)  The  Marquette  iron-bearing  rocks  are  of  the  same  age  as  those  of 
the  Vermilion  Range.  Their  geological  position  is  immediately  above 
the  cryst aline  schists  and  gneisses;  and  there  are  indications,  as  will 
be  shown,  of  a  position,  as  in  Minnesota,  beneath  other  slates,  in  un- 
conformable relations.  The  fundamental  sediments  generally,  are  but 
little  crystalline,  but  are  highly  altered,  often  almost  to  the  point  of 
fusion,  and  sometimes,  to  the  point  of  true  crystallization.  They  con- 
sist largely  of  argillytes,  ranging  in  nature,  from  proper  to  chloritic, 
sericitic,  hydromicaceous,  siliceous  and  haematitic;  and,  in  condition, 
from  earthy  to  gray  wackenitic,  felsitic,  porphyritic  and  diabasic.  The 
ore  bodies  are  true  bedded  constituents  of- the  system,  subject  to  all 
the  usual  accidents  of  stratification;  the  most  important  of  which  are 
liability  to  expand  and  contract  and  even  to  pinch  out,  in  the  direc- 
tion of  the  axis  of  the  lithologic  folds.  The  occurence  of  an  obscure 
conglomeritic  structure  in  both  regions,  is  a  point  of  resemblanee 
which  is  almost  demonstrative.  The  inclusion  of  masses  of  serpen- 
tinous  or  parophitic  character,  has  the  same  significance.  A  g  eat 
abundance  of  red  jaspilyte  and  jaspilitic  iron  schists  is  a  commou 
feature  of  the  Marquette  and  Vermilion  districts.  In  both,  the  ja^jier 
and  jaspilitic  ore  are  disposed  in  layers  conformable  with  the  bedding 
of  the  hsematite  and  of  the  inclosing  schists;  and  in  both,  similar 
indications  exist  of  a  sedimentary  and  aqueous  history  The  obser- 
vations made  at  the  Swan  and  Buffalo  mines  may  be  here  again  re- 
ferred to.  Of  clastic  rocks,  the  quartzytes  of  the  Marquette  region 
are  little  known  in  the  Vermilion  region.  Rocks  of  eruptive  origin 
are  common  in  both,  but  in  the  Marquette  region  occur  both  as  dikes 
and  intruded  beds— though  a  question  remains  as  to  the  real  origin  of 
the  dioryte  beds.  While  the  Vermilion  rocks  have  been  subjected  to 
one  grand  system  of  disturbance,  which  has  left  them  almost  univer- 
sally in  a  vertical  attitude,  the  Marquette  rocks  have  been  thrown  into 
several  folds,  within  each  of  which  the  constituent  strata  maybe  found 
in  all  attitudes. 
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(^2.)  The  Marquette  iron-hearing  rocks  are  not  of  Huronian  age. 
While  the  opinion  is  not  new  that  they  antedate  the  Huronian,  it  has 
heen  generally  admitted  that  they  fall  within  that  system.  That  they 
j^re  older  than  Haronian  is  shown  by  a  four-fold  line  of  evidence. 
<a).  The  rocks  are  different.  In  the  original  Huronian,  the  argillytes 
are  almost  exclusively  black  and  carbonaceous  or  magnetitic,  instead 
of  bluish  or  ashen  and  hsematitic.  They  are  more  prevalently  silice- 
ous or  flinty.  The  quartzytes  attain  a  more  enormous  development, 
are  much  purer,  especially  the  upper,  and  hold  position  entirely  above 
the  argillitic  member.  (6.)  The  Canadian  Huronian  succeeds  imme- 
diately beneath  the  Palceozoic  System  The  Marquette  strata  do  not. 
The  Marquette  strata  are  succeeded  immediately  downward  by  crystal- 
line schists.  The  Huronian  strata  are  not.  (c.)  Some  evidences  ex- 
ist of  an  unconformable,  overlying,  sub-palceozoic  system  in  the  Marquette 
region.  I  refer  here,  both  to  the  unconformability  described  in  the 
foregoing  notes  in  the  vicinity  of  the  Buffalo  mine,  and  to  'major 
Brooks*  brief  notices  of  highly  carbonaceous  black  slates  occupying 
a  position  higher  than  the  Marquette  argillytes.  (rf.)«  Proof  is  to  be 
^ddttced  in  this  report,  of  the  unconformable  subterposition  of  the  Ver- 
inilion  iron  schints  relatively  to  the  Animike  slates.  If  the  Marquette 
and  Vermilion  rocks  are  mutual  equivalents,  the  former  must  hold 
position  beneath  the  same  system — that  is,  beneath  theiHuronian. 

(3  )  The  Marquette  iron-bearing  rocks  blong  to  a  system  not  yet  de- 
fined. If  they  underlie  the  Huronian,  they  equally  overlie  the  Lau- 
rentian.  They  are  not  separated  from  the  Laurentian  by  a  structural 
unconformability;  but  by  the  evidences  of  a  long  intervening  lapse 
of  time,  and  a  most  important  change  in  the  action  of  the  geologic 
forces.  Strata  fully  crystalline  and  strata  essentially  earthy,  thougli 
found  in  conformable  juxtaposition,  must  necessarily  belong  to  two 
different  ages  and  modes  of  geologic  activity.  This  subject  will  be 
more  fully  treated  in  the  final  generalization  from  my  studies  in  Min- 
nesota. 

2.  The  Gogebic  iron  belt,  I  shall  confine  selections  from  my  notes 
almost  wholly  to  facts  illustrating  the  geology  of  the  range,  and  sup- 
plying  a  basis  for  comparisons  with  the  Vermilion  Range.  At  the 
'south  vein*'  of  the  Colby  mine  the  ore  is  an  incoherent  earthy  mass 
which,  for  the  greater  part,  is  worked  out  with  pick  and  shovel.  It 
is,  however,  imperfectly  cemented  together  in  irregular  patches;  and 
fiome  blasting  is  required  to  remove  the  whole.  The  general  color,  be- 
fore weathering,  is  dark  brown.     This  deposit  is  about  eighty  feet 
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wide,  in  a  sheet  dipping  north  50"  to  TO"",  with  an  avera^^e  of  abont  60^ 
Bat  on  the  north  side  the  same  material  extends  at  this  piace,to  a  greater 
distance.  The  limiting  wall  on  the  south  (foot  wail)  is  a  compact, 
hirmatitic  slate.  Here  we  notice  through  a  part  of  the  excaration, 
the  continuance  of  the  earthy  mass;  but  beyond  this,  westward,  a 
broken  ferruginous  slate  succeeds  it;  and  at  the  western  end  of  the 
excavation,  it  approaches  the  opposite  wall,  and  all  the  ore  is  pinched 
out.  Forty  or  fifty  feet  of  the  rock  on  the  south  side  are  broken  and 
in  confusion;  yet  one  can  trace  bedding  courses  in^the  lower  twenty 
feet  of  this.     There  are  no  indications  whatever  of  eruptive  action. 

On  the  south  side  the  regularity  is  much  interrupted.  When  the 
haematitic  slaty  wall  is  removed,  one  sees  behind  it  a  jumble  of  rock, 
masses  perfectly  promiscuous  in  position,  but  mostly  haematitic.  Still, 
some  portions  are  greenish,  amorphous,  chloritic,  passing  down  in 
shapeless  masses,  bent  and  arched  in  a  promiscuous  way.  Some  are 
light  colored,  sandstone-like  masses,  simply  stained  with  iron.  The 
iron  which  pervades  all  these  conditions  of  rock  seems  to  be  simply 
forced  out  like  fat;  and  to  have  accumulated  where  the  action  wa» 
most  intense  or  where  the  condition  of  the  rock  most  ^favored. 

South  of  the  Colby  mine,  in  the  cut  of  the  railroad  is  an  outcrop- 
of  siliceous  argillytes  (500),  reddish  and  drab,  with  dip  N.  10°  W.,  and 
amount  65°.  These  are  interbedded  with'quartzyte  schist.  The  thick- 
ness exposed  is  250  feet. 

By  the  railroad  near  Bessemer,  coming  from  the  Valley  mine,  is  an 
outcrop  of  conglomerate,  with  slight  dipjnorth.  It  is'^^ajsmall  expos- 
ure, but  in  place,  composed  mostly  of  pebbles  of  dark  red  sandstone,, 
haematite,  granulyte  and  diabase.  It  appears  like  a  conglomerate  at 
the  base  of  the  Kewenian. 

At  the  East  Norrie  mine,  southeast  of  Ironwood.  the  open  excava- 
tion shows  simply  a  confused  mass  to  the  depth  of  a  hundred  'feet. 
Soft  ore  is  raised  from  underground  workings. 

At  the  Aurora  mine  the  open  work  shows  a  generaljdip  north  at  the 
usual  steep  angle.  On  the  south  side  is  a  quartzyte  which,  in  deciiyed 
situations,  resembles  the  sandrock  in  the  Colby  mine,  iluch  excellent 
soft  ore  is  coming  out  of  the  ground  here. 

By  means  of  observations  at  the  Aurora  mine?and  thence|to  the  hill 
one  fourth  mile  south,  we  were  able  to  determine  {the  following  se- 
quence, in  descending  order: 

Broken  and  mixed  oro. 

Main  deposit  of  ore  dipping  north  at  an  angle  of  about  65"". 


STATE    GEOLOGIST.  187 

(Juartzyte  forming  the  foot  wall  in  the  Colby  and  Aurora  mines. 

Siliceous  nrgillyte  soifth  of  Colby  mine — seen  250  feet.  This  per- 
haps occupies  part  of  the  concealed  space  south  of  the  Aurora. 

Quartzyte  and  syenite  gneiss  interbedded,  in  the  hill  633  feet  south 
of  the  north  face  of  the  quartzyte  in  the  Anrora.  Thickness,  595 
feet. 

Syenite  gneiss  (502)  on  the  hilt  south  of  the  Aurora. 

This  syenite  is  a  heary  outcrop.  It  coutaiDS  some  fragments, 
mostly  of  greenstone,  and  only  partly  rounded.  It  reminds  me  of  the 
Seagull  and  Saganaga  regions,  Minnesota.  The  rock  weathers  light 
colored.  It  is  granular  aud  porous,  varying  to  compact.  The  fc id- 
spar  is  very  pale  pinkish,  and  the  hornblende  is  grayish -greenish.  It 
preseL'ts  all  the  characters  of  true  syenite,  showing  no  trace  of  bed- 
ding within  the  area  subject  to  observation.  But  it  is  eridently  a 
fragmental  rock,  since  it  contains  many  rolled  fragments.  It  lur- 
nisbes  us  ocular  evidence  that  real  syenite,  with  all  its  proper  crystal- 
line characters,  may  be  a  rock  of  sedimentary  origin. 

Looking  around,  we  discover  other  evidence  of  its  close  affinity  with 
products  of  sedimentary  action.  Close  by,  it  overlies  a  true,  tine- 
grained  quartzyte  (503).  The  contact  is  apparent  in  several  places. 
Four  rods  south  of  this  syenite,  a  considerable  mass  of  quartzyte  is 
imbedded  in  syenite.  Down  the  hill  a  few  rods  further,  we  find  a 
vertical  ledge  of  gneiss  including  warped  and  broken  sheets  of  a  silice- 
ous schist.  Some  conception  of  the  relations  may  be  gained  from  the 
following  diagram : 


Fig.  IT.     Relation*  of  qui 


<-lz  schigt  ami  sijenite  i/Heis.",  Gugebic  llaiige, 
Mich  iff  an 
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This  siliceous  schist  resembles  some  portion  of  the  slates  seen  west 
of  Colby  mine;  and  this  and  the  quartzyte  spoken  of  as  in  contact 
with  the  syenite,  may  easily  be  the  lower  portion  of  that  very  series 
of  slates. 

In  the  above  diagram,  the  isolated  areas  of  syenite  shown  in  the 
Diidst  of  the  quartzyte   may  be  the   summits  of  bosses  protruding 
through  from  the  principal  mass  of  syenite,  and  not  as  they  appear, 
small  masses  wholly  detached,  and  belonging,  therefore,  to  the  inci- 
dents of  a  fragmental  process. 

At  the  Iron  King  mine,  it  is  said  there  is  neither  any  well  defined 
hanging  or  foot  wall.  The  south  country,  where  explored,  is  quartz- 
yte, but  the  hanging  wall  is  "paint  rock.**  We  find  here  two  ore  de- 
posits. Between  the  north  and  south  deposits  are  jasper  and  quartz 
and  sand  rock.  The  jasper  is  not  red,  but  "gray -black.'*  The  dis- 
tance between  the  two  deposits  is  about  400  feet.  The  south  deposit 
is  also  about  80  or  90  feet  wide;  but  they  have  struck  no  regular  hang- 
ing wall. 

At  the  First  National  mine,  the  distance  between  the  two  de- 
posits is  200  to  800  feet,  and  there  is  no  good  footwall  on  the  north 
deposit 

I  noticed,  about  half  a  mile  east  of  the  Iron  King  mine  (1104),  close 
by  the  road,  on  the  north,  that  exploring  parties  had  thrown  out  a 
quantity  of  black  slate  (604)  quite  unlike  any  hitherto  seen  in  the 
region  by  myself.  It  has  the  aspect  of  the  Huronian  black  slate  of 
< 'anadu ;  but  is  strikingly  distinct  from  any  seen  by  me  in  connection 
with  the  iron  deposits  either  of  the  Gogebic  o%  Marquette  region.  It 
would  be  exceedingly  interesting  to  learn  whether  this  black  slate  is 
conformable  with  the  ordinary  ore-bearing  schists  of  this  range. 

The  foregoing  detached  statements  from  my  note-book,  must  suffice. 
The  evidence  renders  it  probable  that  the  rocks  of  the  Gogebic  Range 
•are  the  geological  equivalents  of  those  of  the  Marquette  region. 
Lithologically,  the  resemblances  are  close,  and  need  not  be  here  re- 
peated. Their  low  position,  removed  but  a  few  hundred  feet  from  the 
crystalline  rocks,  is  analogous.  They  have  been  subjected,  however, 
to  less  disturbance;  jind  hence  occur  in  a  continuous  **range,"  with 
dip  And  order  of  stratification  somewhat  uniform.  In  respect  to  dis- 
turbance, they  hold  a  position  intermediate  between  the  rocks  of  the 
Marquette  and  the  Vermilion  districts;  but  more  resembling  the  latter. 
We  find   here,   also,   intimations  of  an  overlying  system,  of   con- 
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trasted  character,  and  recalling,  as  at  Marquette,  the  slates  of  the 
Huronian. 

3.  The  Penokee  Gap. — The  railway  from  Hurley  to  Mellen  makes 
sundry  cuts  through  argillytes  of  dark  and  broVn  color,  dipping  north 
ward  at  an  angle  of  75^  or  SO"".  One  signal  instance  is  less  than  a 
mile  east  of  Hoyt.  Toward  Mellen,  we  see  heavy,  blue-black  slates 
dipping  X.  56^  W   at  an  angle  of  80\ 

After  the  classical  study  of  the  Penokee  Gap  which  was  completed 
by  professor  Irving  in  1876,  I  had  no  expectation  of  making  any  addi- 
tions to  knowledge  during  my  short  sojourn  there;  but  I  deemed  it 
important  to  become  personal  witness  of  the  phenomena  which  he 
had  described,  with  a  special  view  to  exercising  an  independent  judg- 
ment on  the  question  of  the  equivalency  of  the  Penokee  and  Gogebic 
ranges.  This  question,  in  view  of  observations  recently  made  by  me 
in  the  original  Huronian,  and  in  the  Marquette  and  Gogebic  districts, 
had  acquired  for  me  a  new  and  special  interest.  I  wished  to  make  a 
few  examinations  in  entire  freedom  from  prepossessions;  and  I  there- 
fore, dismissed  from  my  mind  completely,  all  recollection  of  conclu- 
sions enounced  by  the  Wisconsin  geologists.  My  notes  were  recorded 
exactly  as  if  no  other  geologist  had  ever  written  of  the  Gap;  and 
what  I  introduce  here  will  be  strictly  a  few  excerpts  from  my  field- 
book.  ^ 

Arriving  at  Penokee  staticA,  I  proceeded  at  once  to  the  outcrop 
about  three-fourths  of  a  mile  south,  and  carefully  studied  porthward 
along  the  railroad.  At  the  point  where  I  began  is  a  bedded  formation 
dipping  S.  22""  E.  at  an  angle  of  88''  to  90®.  It  consists  of  interstrati- 
fications  of  pale-reddish  and  blackisb-gray  bands.  The  dark  bands 
(503)  range  in  thickness  from  one-fourth  inch  to  two  feet.  The  pink- 
ish (50^a)  are  similarly  variable,  but  constitute  a  large  majority  of 
the  formation.  Where  the  pinkish  attain  a  thickness  over  one  or 
two  inches,  they  are  intersected  by  sheets  of  the  darker,  and  where 
the  darker  are  of  similar  thickness,  they  are  laminated  by  sheets  of 
the  pinkish.  The  darker,  besides,  are  striped  by  paper-thick  sheets  of 
the  pinkish;  and,  in  the  extreme  of  attenuation,  the  latter  become 
resolved  into  separate  grains  disposed  in  planes  through  the  dark  bed. 

When  the  dark  beds  are  examined  under  the  lens,  they  appear  com- 
posed of  a  fibrous,  almost  scale-like,  hornblendic  mineral,  which  in 
places  seems  passing  to  mica,  or  an  argillaceous  scaly  mineral — and 
with  this,  genevally,  more  or  less  reddish  orthoclase.  So,  it  is  neither 
hornblende  schist  nor  syenite  gneiss;  but  rather  a  hyposyenite  gneiss. 
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When  the  pink  bands  are  examined,  they  are  seen  to  contain  red- 
dish grains  of  orthoclase  and  grains  of  glassy  quartz.  So  they  are 
essentially  granulitic  gnpiss.  But  the  pink  rock  varies  in  constitu- 
tion, first,  by  admitting  a  sparse  dissemination  of  the  black  mineral, 
then,  so  much  of  it  as  to  constitute  continuous  films;  second,  by 
fusion  between  the  quartz  and  feldspar,  so  as  to  form  a  petrosilex; 
and  third,  a  fusion  of  the  grains  of  feldspar  by  themselves,  or  nearly 
by  themselves,  forming  a  felsite  (506-607). 

The  alternating  bands  of  pink  and  dark  rock  are  not  entirely  per- 
sistent, especially,  when  less  than  two  or  three  inches  thick. 

The  amount  exposed  at  this  outcrop  is  30  feet. 

Twenty  rods  north  of  this  place,  are  beds  baring  the  same  steep  dip 
— almost  vertical — consisting  of  pinkish,  blackish  and  grayish  alter- 
nating. The  blackish  (508)  appears  to  consist  of  "nascent'*  mica  and 
quartz  grains,  with  a  little  orthoclase.  It  appears  like  hornblende 
schist  passing  to  mica  schist.  This  sort  predominates.  The  black- 
est layers  only,  contain  less  feldspar  and  quartz.  The  pinkish  are 
about  the  same  as  at  the  previous  locality.  The  gray  are  the  same  as 
the  pinkish,  except  that  the  orthoclase  is  white. 

In  this  exposure  are  some  beds  very  solid,  under  the  lens  containing 
a  sort  of  groundmass  apparently  of  orthoclase  and  hornblende,  and  in 
this,  disseminated  grains  and  crystals  of  some  feldspar  (508a).  It  is 
not  a  porphyry,  nor  even  truly  porphyrmd;  nor  a  complete  porphyrel; 
but  it  approaches  the  last. 

About  twenty  feet  of  this  exposure  are  seen.  Then  the  formation 
is  concealed  60  feet;  then  an  outcrop  of  the  same,  10  feet;  then  con- 
cealed 50  feet. 

About  125  feet  from  the  last  locality,  toward  the  north,  the  forma- 
tion dips  79°  toward  S.  7^  E.  having  beds  of  alternating  porphyrelloid 
and  hornblende  schist  (509),  with  also  thin  beds  of  muscovite  schist. 
The  last  contain  some  hornblende,  and  the  other  a  little  muscovite. 
Some  of  the  pinkish  rock  continues  in  diminished  amount.  The 
thickness  exposed  here  is  about  180  feet,  but  the  proportion  of  pinkish 
beds  is  in  places  increased,  and  the  bedding  is  also  in  places  thinner. 
The  dip  diminishes  to  71°.  For  the  next  12  rods  north  the  rocks  are 
concealed. 

Twenty-three  rods  still  farther  north,  occurs  another  outcrop  (510) 
very  similar  to  the  last,  dipping  in  about  the  same  direction  at  an 
angle  of  74°.  The  formation*  however,  though  dark  •and  dark -gray, 
contains  less  of  distinguishable  hornblende,  and  much  more  quartz; 
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some  heavy  beds,  though  80  dark  colored,  are  essentially  quartz- 
(511).  But  others  approach  hornblende  scliist,  and  some  contain  • 
ny  dineroinated  grains  of  reddish  feldspar.  The  breadth  of  this 
crap  is  300  feet.  Then  the  rocks  are  concealed  for  80  feet,  to  the 
Ige  OTer  the  Bad  river.  This  is  the  red  truss  bridge,  and  the  second 
Ige  Math  of  the  station. 

TD^er  the  bridge,  300  feet  from  rock  510,  is  seen  a  vitreous  quartzyte 
3),  dipping  N.  22°  W.,  amount  62".  The  vitreous  variety  is  under 
north  end.  That  under  the  south  end  is  iK)rphyritic  (613).  Here 
marked  unconformity;  but  the  eiact  junction  of  the  northward- 
ping  with  the  south  ward-dippiifg  rocks  is  concealed.  The  situation 
hown  in  the  following  cut: 


.  18.     The  unconformity  in  the  Penokre  Gap,  Wisconsin.     Looking 

east. 

fbe  last  rock  seen  going  north,  is  at  a,  and  it  is  so  massive  that  no 
iding  can  be  detected;  yet,  in  immediate  contact,  south,  the  dip  is 
ith. 

Professor  Irving  reports  limestone  under  tlie  south  end  of  the  bridge, 
tidid  not  observe  it.  A  thin  bed  may  occur  there. 
Three  hundred  and  eighty-three  feet  from  the  southern  limit  of  this 
irtzyte  is  an  outcrop  of  durk  siliceous  states  (515),  thin  bedded,  and 
cti  jointed,  dipping  N.  25°  W.,  amount  64°.  They  are  highly  silice- 
<  toward  the  bottom,  and  more  argillaceous  above  (616-518).  In 
ceg,  they  are  in  compact  beds  four  or  fiv«  inches  thick;  in  places, 
}-  become  thin-laminated,  and  occasionally  crumbling.  They  are 
exact  representation  of  portions  of  the  Animike  slates.  The  bed- 
K  OB  the  whole,  is  very  true,  but  there  are  occasional  kinks  and 
ng.'s  in  dip.  These  slates  are  seen  for  42  paces — 126  feet — ;  then 
les  a  concealed  place,  for  75  paces— :i*.'5  feet. 
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The  next  outcrop  (519),  ten  rods  north  of  the  bridge  nearest  the 
station  on  the  south,  is  decidedly  flinty  or  jaspery,  and  the  beds  con* 
tain  a  large  percentage  of  iron.  Though  distinctly  stratified,  thisoot- 
crop  is  as  hard  and  slippery  on  the  polished  surface,  as  a  boss  of  steel 
The  outcrop  is  seen  for  fifty  feet.  In  a  position  stratigraphicallj  10( 
feet  above  this,  on  the  hill-side,  is  an  exploratory  shaft.  It  iscarriec 
down  on  the  dip,  and  a  large  amount  of  rock  (520)  has  been  throwi 
out  which  is  heavy  with  magnetite.  But  obviously,  the  ezperimen 
was  made  without  knowledge.  We  have  therefore,  so  far,  150  feeto 
magnetitic  schists.  The  same  formation,  with  diminished  amoao 
of  magnetite,  is  traceable  200  feet  from  the  locality  by  the  rive 
bank. 

At  a  point  five  rods  north  of  the  railroad  tank  at  the  station,  tl 
iron  formation  is  succeeded  by  black  argillytes  (521),  also  a  perfe 
reproduction  of  the  Animike.  They  are  thin-bedded,  little  siliceo 
and  strictly  undisturbed.  They  are  traceable  34  paces — 102  feet — th 
comes  a  concealed  interval  of  168  paces— 504  feet — to  the  first  brid 
north  of  the  station.  About  half  a  mile  beyond  this  is  the  next  oi 
crop. 

This  outcrop  is  ten  rods  north  of  the  third  bridge  north  of  t 
Penokee  station.  It  consists  of  black  carbonaceous  argillytes  (52 
similar  to  521,  but  a  little  more  siliceous,  and  containing  a  multitt: 
of  small  dark  spots  or  specks  of  about  the  hardness  of  the  slate.  T 
specks  weather  out,  leaving  little  cavities.  The  dip  is  here  64%  towi: 
N.  23''  E.  The  length  of  the  exposure  is  158  paces,  equal  to  474  fe< 
This'is  along  the  railroad,  which  runs  N.  25®  W.  Hence  the  d 
tance  across  vertically  would  bo  by  trigonometrical  calculation,  3 
feet. 

If  the  thickness  this  side  of  the  bridge  is  363  feet,  and  the  sai 
slate  dontinues  under  the  half  mile  interval  north  of  the  bridge 
same  angle  of  dip — giving,  say,  1,760  feet,  then  the  whole  thickn< 
of  the  slates  would  be 

Magnetitic  slates,  (519) 2 

Black  argillytes  exposed 102 

Black  argillytes  concealed,  to  first  bridge 504 

Black  argillytes  concealed  north  of  bridge 1,760 

Black  argillytes,  (522) 363 

-2,78 

LvKftgnetitic  slates 10 


Total 3,(«! 
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The  100  feet  of  magnetitic  ahists  indicated  aboTe  are  the  last  part 
of  the  outcrop  532.  Here  numerous  test  pits  have  also  been  opened, 
but  also  without  sucicess,  as  might  have  been  expected. 

Beyond  this  outcrop  I  ezamiaed  along  the  railroad  about  a  thousand 
feet,  and  found  no  other  exposure.  The  needJe,  of  course,  becomes 
very  unreliable  in  this  cut — varying  to  the  extent  of  50"  one  way  and 
the  other. 

In  this  large  cut  north  of  the  station  there  is  much  more  physical 
disturbance  revealed  than  in  the  one  south  of  the  station.  lu  one 
place,  the  continuity  of  the  strata  is  completely  interrupted  for  a  space- 
of  six  feet  on  the  east  side;  and  on  the  west  side,  a  disturbance  such. 
as  indicated  below  has  taken  place. 


Fig,  19.  Contortions  in  the  magneiitic  schists  at  Ptnokee  Gap,  nofth  of 
the  station. 


Bringing  the  various  observations  into  correlation  and  aggregating, 
it  appears  that  we  find  in  Penokee  Gap  988  feet  of  strata  dipping 
ftontb  and  3,480  feet  dipping  north.  These  figures,  of  course,  do  not 
iodicate  total  thicknesses  of  formations,* 
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The  firmly  accepted  conclusion  of  the  Wisconsin  geologists  in  ref- 
erence tp  the  equivalency  of  the  magnetitic  and  carbonaceous  slat«s 
of  the  Penokee  Gap  makes  them  a  continuation  of  the  hsematitic 
schists  of  the  Gogebic  range.  That  is,  they  hold  the  formation  in 
both  regions  to  be  Huronian.  That  the  Gogebic  iron-bearing  strata 
are  not  Huronian,  I  feel  prepared  to  affirm.  And  I  cannot  resist  se- 
rious doubts  of  theif  equivalence  with  the  Penokee  strata,  which 
strongly  impress  me  as  holding  characters  strikingly  similar  to  those 
of  the  Huronian  slates  of  lake  Huron  and  the  Animike  slates  of  Gun- 
£int  lake  and  Thunder  bay.  This  resemblance  impressed  me  from 
the  beginning;  but  I  feel  reluctant  to  controvert  the  judgment  of  the 
Wisconsin  geologists. 

But  while  I  hold  the  decision  in  abeyance,  I  take  the  liberty  to 
offer  a  few  points  for  consideration : 

(1).     We  discover  the  strong  lithological  resemblance  referred  to. 

(2).  The  lithological  characters  are  unlike  those  of  the  ore-bearing 
strata  of  the  Gogebic,  Marquette  and  Vermilion  regions. 

(3).     The  ore  also  is  magnetic  instead  of  haematitic. 

(4).  It  is  diffused  through  the  laminated  sheets  of  the  formation, 
as  at  Gunflint  lake,  and  not  segregated  in  lodes,  as  in  the  other  re- 
gions mentioned. 

(5).  A  higher  system  of  black  slates,  apparently  unconformable  on 
the  h^matitic  schists,  appears  to  exist  in  the  Gogebic  and  Marquette 
regions,  as  it  certainly  does,  in  the  eastward  prolongation  of  the  Ver- 
milion schists. 

(6j.  At  the  distance  of  15  to  18  miles  in  a  direct  line  S.  S.  E.  of  the 
Gogebic  range,  is  a  well  known  line  of  magnetic  attractions,  such  as 
«are  exerted  by  the  magnetitic  schists  of  Penokee  Gap. 

(7).  These  lines  of  attraction,  though  as  far  as  I  know,  they  lie 
ioo  far  south,  may  nevertheless,  when  more  accurately  located,  be 
found  in  the  strike  of  the  Penokee  schists,  especially  if  the  great  ex- 
posure a  mile  north  of  Penokee  station  affords  a  reliable  indication 
of  the  strike;  for  that  is  S.  61^  E.  But  this  is  probably  disturbed 
somewhat  by  the  great  fault. 

Should  the  Penokee  slates  be  identified  with  the  Animike  (true  Hu- 
ronian), then  the  Marquette  or  Kewatin  system,  will  be  found  under- 
lying, and  the  juxtaposition  of  the  Penokee  slates  with  the  (supposed) 
Laurentiau  schists  on  the  south,  may  be  due  to  an  overslide  accom- 
panying the  formation  of  the  great  fault.  If  the  dislocation  resulted 
froQi^a  horizontal  movement,  instead  of  an  upthrow,  then  the  strata 
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on  the  east  side  must  have  slipped  southward  over  900  feet;  and,  if 
the  movement  was  confined  to  the  Penokee  slates,  they  may  thus 
have  concealed  a  thin  representation  of  the  Eewatin  which,  on  the 
identification  assumed,  is  at  present,  wanting  at  this  point. 

§    4. — OBSBRVATIONS    BETWEEN^^  TOWER   AND   PSEUDO-MESSER  LAKE. 

On  the  portage  from  Mud  lake  to  Burntside  lake  a  fine-grained  gray- 
wacke  appears  on  the  hill  (523). 

This  formerly  very  bad  portage,  referred  to  in  my  report  for  1886, 
has  been  improved  by  la3'ing  timbers  lengthwise  along  the  path 
throog;h  the  long  swamp.  But  the  execrable  portage  on  Mud  creek 
has  received  no  improvement  whatever. 

I  embraced  the  present  opportunity  jbo  complete  mj-  line  of  observa- 
tions on  the  northwest  shore  of  Burntside  lake.  (See  Rep.  1886  pp. 
37  and  206.) 

N.  W.  i,  S  W.  i,  sec  30,  T.  63-13  Burntside  lake.  Graywacke 
schist  continues,  but  here  much  intersected  by  veins  of  granite. 

Island,  N  E  i.  S.  E.  i,  sec.  30,  T.  63-13.  Mica  schist  and  gneiss 
interbedded.     The  schist  also  is  much  veined  with  gneiss 

N.  W.  i,  N.  E.  i,  sec.  30,  T.  63-13.  Main  land  north  side.  Gneiss 
and  mica  schist,  but  mostly  gneiss.  The  schist  is  exceedingly  fine- 
grained. 

Xorth  point  of  small  island,  S.  E.  i,  S.  W.  i,  sec.  20,  T.  63-13. 
Good  muscovite  schist. 

North  end  of  long  island,  N  W.  i,  S.  W.  i,  sec  21,  T.  63-13. 
Nascent  mica  schist.  No  mica  distinctly  formed,  to  the  naked  eye; 
hot  under  the  lens  it  comes  out  unmistakably. 

The  general  tenor  of  the  rock  formation  from  here  all  around  the 
north  side  of  Burntside  lake  is  indicated  in  the  preceding  observations. 
Most  of  the  islands  in  the  lake  are  of  the  same  character.  The  outlet 
of  the  lake  only,  at  the  west  end,  and  its  immediate  vicinity  lies  to 
ihe  south  of  the  great  crystalline  masses. 

Proceeding  eastward  we  find  the  portage  from  Long  lake  to  Fall 
lake  presenting  near  its  eastern  end,  a  remarkably  bad  condition.  The 
last  twelre  rods  are  literally  under  water  except  at  low  stage. 

A.t  north  end  of  portage  from  Newton  to  Fall  lake  the  previaling 
character  of  the  rock  is  as  stated  below;  but  this  is  quite  different 
from  that  before  seen  in  this  vicinity.  It  is  the  old  '*talcose  slate.*' 
(9T9.) 
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At  Pipestone  rapids  at  the  entrance  to  Basswood  lake  {Report,  1886, 
p.  104)  the  quartz  mass  exposed  last  year  in  the  middle  of  the  stream 
wan  now  found  completely  submerged  and  the  water  covered  the  br^ad 
beach  on  the  east  side  beluw  the  falls,  quite  up  to  the  high  bank.  The 
volume  of  water  appeared  to  be  twice  as  great  this  year  as  it  waa  last 
year  in  the  same  month. 

Rock  524.     Chlorite  rock — "pipestone"  from  Pipestone  rapids. 

N.  E.  i,  S.  E.  i,  sec.  6,  T.  64-10.  At  end  of  portage  from  ArmJV 
to  Arm  II,  Basswood  lake.  The  syenitic  gneiss  here  contains  many 
half  rounded  grains  of  nearly  white  feldspar;  but  the  rock  has  a  dark 
gray  feldspathic  groundmass  disposed  in  a  bedded  manner.  This  it- 
self apparently  consists  of  finer  particles  of  the  same  feldspar,  with  a 
decaying  chlorite-like  mineral.  There  is  no  hornblende  present  here. 
The  rock  is  chlorite  gneiss. 

Proceeded  over  portage  from  ^rm  II  to  Arm  III  and  by  north  side  of 
the  large  islands  in  Basswood  lake. 

S.  W.  i,  S.  W.  i,  sec  32,  T.  65-8,  as  of  Minnesota.  North  side  of 
Sucker  lake.  The  rock  is  a  felsitic  argillyte  (525),  hard  and  ringing, 
tending  to  split  into  thin  laminae.  Thin  scales  are  waxy -translucent. 
Many  joints  cross  the  vertical  bedding. 

The  temperature  of  the  air  at  7  a.  m,  (Aug.  8)  was  50^  Fah.  The 
lake  was  steaming,  with  a  temperature  of  57""  near  shore  and  68^  re- 
mote from  shore. 

The  slate  at  portage  out  of  Sucker  lake  is  a  dark  argillyte.  On 
Melon  lake,  the  rock  is  also  translucent  on  thin  edges. 


i^  5  — PSEUDO-MESSER  LAKE. 

Pseudo-Messer  lake  lies  mostly  north  of  the  accepted  boundary; 
though  the  canoe  route  commonly  pursued  passes  through  most  of  its 
longitudinal  extent,  and  by  the  terms  of  the  treaty  fixing  the  inter- 
national boundary,  nearly  half  of  the  lake  would  seem  to  fall  on  the 
American  side.  The  southwestern  end  of  the  lake  rests  on  the  bound- 
ary as  recognized,  and  connects  with  Sucker  lake  on  the  west,  and 
with  a  series  of  three  small  lakes  on  the  east  which  lead  into  Knife 
lake  (Rep.  1886,  p.  142).  The  usual  portage  approach  from  Enife  lake 
starts  from  the  north  shore  at  N.  E.  i,  N.  E.  i,  sec.  30.  T.  65-7,  (as 
of  Minn.)  and  proceeding  over  a  hill  reaches  a  Canadian  lake  about  a 
mile  in  length.  A  portage  of  twenty -five  rods  leads  from  this  to 
Pseudo-Messer.    The  shores  of  the  last  Oientioned  are  mostly  sur- 
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rounded  by  cliffs  of  slates  presenting  the  usual  appearance  of  the 
neighborhood  of  mica  and  hornblende  schists;  but  the  schists  do  not 
iouch  the  shore  even  at  the  most  northern  point.  The  shore  line  is 
very  irregular,  rendering  canoeing  difficult,  and  toward  the  southern 
extremity  are  narrows  located  close  to  the  east  main  shore. 

S.  E  i,  S.  E.  i,  sec.  19,  T.  65-7,  (as  of  Minn.)  On  the  portage 
north  from  Knife  lake.  Slates  of  dark  color  several  times  outcrop. 
The  structure  is  nearly  vertical  and  strikes  N.  78*^  E.  I  looked  care- 
fully for  bedding  planes  unconformable  with  this  structure  and  found 
none. 

X.  W.  i,  S.  E.  i,  sec.  19,  T.  65-7,  (as  of  Minn.).  Near  north  end 
of  portage.  Gabbro  occurs  in  a  low  exposure  of  4  feet  (974)  and  about 
20  feet  above  the  Canadian  lake. 

N.  E.  i,  N.  E.  i,  sec.  24,  T  65-S,  (as  of  Minn.).  At  end  of  port- 
age  from  Canadian  lake  to  Pseudo-Messer.  Here  are  signs  of  approach 
to  mica  schist  (975). 

Believing  the  boundary  of  the  crystalline  schists  to  exist  in  the  near 
vicinity,  I  made  an  excurnion  to  the  northern  extremity  of  the 
lake. 

S  W.  i,  sec.  13,  T.  65-8,  (as  of  Minn.).  North  part  of  Pseudo- 
Messer  lake,  west  side.  The  rock  here  (976)  is  a  rough-weathering 
slate  having  the  appearance  and  approximately  the  constitution  of  the 
chloritic  rock  at  Kawasachong  Falls  (Rep,  1886,  pp.  58,  60) — by  some 
supposed  eruptive 

N.  W.  i,  sec.  13,  T.  65-8,  (as  of  Minn.).  Extreme  north  bay  of 
Pseudo-Messer  lake.  The  rock  here  preserves  a  similar  aspect  to  the 
last.  On  islands  near,  it  contains  iron.  Here  is  a  cascade  falling  into 
the  lake. 

Rock  977.     A  sort  of  porphyrel. 

Rock  978.  Micaceous  green  rock,  passing  into  the  red  rock  of  Ke- 
keqaabic  lake.     Found  on  portage,  not  in  place. 

§  6.— KNIFE  LAKE  (See  Rpj).  1886,  pp.  142-4.) 

Revisited  eastern  end  of  portage  from  Potato  to  Knife  lake  Dark 
vertical  slates  (52^  are  here  seen,  varying  from  carbonaceous  argilly te 
to  siliceous  and  red  jaspery  schists  excessively  convoluted  with  bands 
of  bsematitic  schist  sometimes  quite  rich. 
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Fig  20.     CoHiolutp'l ,  junpenj  and  argiUUic  elates,  west  end  of  Kvlfe 
fake. 


Similar  sitiies  continue  pastward  to  Mokonmn  islani],  where  tliey 
ataud  on  edge  Hiid  strike  N.  72"  W.  They  cplit  into  very  thin  IcuTen 
— even  a  sixty-fourth  of  an  inch  thick. 

Arm  /r  (Knife  lake). 

X.  W.  i.  N.  W.  \.  see.  27,  T.  65-7.  Knife  lake.  Arm  IV.  Very  ai- 
liceoiis  sliilf  (SJ7),  not  splitting  readily.  This  is  not  felsitic.  In 
color  it  is  lilackish-gray. 

N.  W.  \.  N.  W.  i,  sec-  26,  T.65.7.  Siliceous  slate  near  the  ahore, 
compact  and  ringing,  weathering  white.  Farther  back,  less  l.ard, 
more  slaty,  composed  of  interstratifications  of  slate-colored  hands  and 
greenish  bands.  The  latter  are  in  places  much  bent  and  folded.  The 
lighter  bands  weather   poroditic   in   aspect,  but  they  are  really  slaty 


vithin. 
Rock  52S. 
Kock  529. 
Rock  530. 
Rock  531. 


Flinty  avgillyte. 
Siliceous  argillyte. 
(irePDJsh  bands  in  last. 
From  a  bowlder 


N.  W.  i,  S.  W.  i  sec.  24,  T.  65-7,  Arm  IV,  Knife  lake.     An  ont- 
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burst  of  diabase  trending  east  and  west,  and  forming  a  broad  pro- 
montory on  tke  south  side  of  the  Arm.  The  opposite  shore  appears  to 
be  slate. 

S.  W.  i,  S.  E.  i,  sec.  24,  T.  65-7.    Siliceous  slate. 

S  W.  i,  S.  E.  i,  sec.  24,  T.  65-7.  Large  outcrop  similar  to]that  of 
rocks  528-530.  The  lighter-weathering  beds,  however,  assume  a  con- 
ji^lomeritic  structure — lumps  of  hornblende  impacted  in  an  argillo- 
feldspathic  groundmass  and  weathering  conglomeritic  and  very  rough 
(533).  But  this  is  not  the  character  of  the  Ogishke  conglomerate. 
(Compare  Rep.  1886,  p.  412.)  Rock  532.  From  the  more|  compact 
and  dia  basic  part. 

S.  W.  J,  S.  W.  i,  sec.  19,  T.  65-6.    The  same  formation  continues. 

S.  W.  i,  S.  E.  i,  sec.  19,  T.  65-6.  Felsitic  siliceous  schist  (534),. 
hard  and  compact,  pale  greenish. 

S   W.  cor.  sec.  20,  T.  65-6.     Felsitic  siliceous  schist. 

N.  W.  i,  S.  W.  i.  sec.  20,  T.  65-6.  Mixture  of  diabasic  slate  and 
argillyte  (535). 

The  rapids  from  Epsilon  lake  on  the  south  can  be  seen  descending 
a  slope  apparently  75  feet. 

American  Giessbach,  N  E  h  S.  E.  J,  sec.  20,  T.^65-6.  The  for- 
mation here  is  a  true  argillyte.  Crossed  the  portage  here  and  looked 
into  Epsilon  lake  (see  §  33,  Epsilon  lake).  Its  surface  is  but  ten  feet 
below  the  crest  of  the  dividing  ridge  at  this  point. 

S  W.  i,  N.  W.  i,  sec  21,  T.  65-6,  The  rock  approaches  the  char- 
acter of  the  Stuntz  island  conglomerate  in  Vermilion  lake. 

This  south  bay  or  bifurcation  of  the  IV  Arm  of  Knife  lake  is  sur- 
rounded by  wavy  topped  and  barren  hills,  reaching  altitudes  of  100 
to  150  feet  and  over.  They  present  precipitous  faces  toward  the  lake, 
often  assuming  a  rude  columnar  aspect. 

N.  W.  i,  N.  W.  i,  s.  c.  22,  T.  65-6.  Stuntz  conglomerate.  It  con- 
tains no  foreign  pebbles,  but  only  pebbly  forms,  especially  on  weath- 
ered surfaces,  which  seem  to  be  little  different  from  the  general  mass, 
and  beneath  the  surface  are  merged  undistinguishably  in  it. 

N.  W.  cor.  sec.  22,  T.  65-6.  Good  dark  argillyte  (536)  exactly  like 
that  at  east  end  of  Sucker  hike. 

N.  E-  i,  N.  E.  i,  sec.  21,  T.  65-6.  Felsitic  argillyte  (537),  but  ap. 
proaching  Stuntz  conglomerate.  ' 

Mem^andum.  The  Tower  iron-  nine  blasts  are  audible  here,  a  distance  of  .18i^ 
QUIes  in  an  air  line,  but  nearly  alon;^  the  strike  of  the  rocks.  After  many  obsei  va- 
Uonson  these  soundsduring  two  sei^ons,  Ian  convinced  that  the  crust  (^f  the 
^rth  IS  the  medium  of  transmission  of  the  vibratio  is  which  at  this  distance  pro- 
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duce  the  sensation  of  sound.  But  I  hive  never  noticed  any  second  report  trans- 
mitted through  the  air.  1  have  remarked,  however,  that  thesonndtare  transmiiiod 
to  a  greater  distance  t/i  ihs  direction  of  tKe  itrike  than  in  a  direction  scmns  it  This 
fact  accords  with  observations  on  the  transmission  of  seismic  distarhances. 

N.  E.  i,  N.  E.  h  sec  30,  T.  65-6.  Stuniz  conglomerate  (538)^the 
constitaent  pebbles  giving  a  faint  porphyritic  appearance. 

S.  E.  i,  S.  E  i,  sec.  17,  T.  66-6.  Rock  (934)  quite  argillitic  but 
the  sedimentation  lines  are  distinctly  conformable  with  the  schistic. 

N.  E  i,  N.  E  i,  sec.  17,  T.  65^.     Finely  porphyritic  schist  (935). 

N.  E.  i,  S  E.  i,  sec.  17,  T.  65-6  A  low  entirely  massive  exposure 
of  a  rock  (936)  of  porphyrelloid  aspect,  containing  striated  feldspar. 

N.  E  t,  S.  W.  i,  secu  16,  T.  65-6.  Noryte,  same  as  ''Pulpit  rock'' 
noryte.     Rocks  926-9. 

Rock  937.     Pulpit  Rock  noryte.  \ 

A  few  feet  north  of  this  appears  a  gray  felsitic  slate  (938),  having 
the  aspect  of  the  Vermilion  slates,  but  the  dip  of  Auimike.  The  dip 
is  southward  53**  in  a  direction  S.  20""  E. 

Searching  to  the  top  of  the  hill  for  vertical  schistosit^'  I  found  it, 
but  the  rocks  are  argillytes — black  and  gray  interlaminated  (939  Ke- 
watin  series?). 

N.  E.  i,  S  W.  i,  sec.  16,  T.  65-6.  Gray  feldspathic  rock  (940),  sim- 
ilar to  938,  but  it  contains  angular  fragments  of  black  siliceous  argil- 
Ivte. 

N.  W.  i,  S.  W.  i,  sec.  16,  T.  65-6.     Near  the  point. 

Slate.  Banded  argillyte  i941),  with  dip  of  71°  toward  the  S.  35-  E. 
— the  sedimentary  structure  corresponding  with  the  schistosity.  Sup- 
posed of  the  Kewatin  series. 

N.  E.  i,  S.  W.  i,  sec.  16,  T.  66-6.     In  the  narrows,  south  side. 

Here  a  rock -mass  apparently  schistose  vertically,  but  in  quite  a  brec- 
<;iated  state,  stands  between  two  masses  without  discoverable  schistos- 
ity. The  one  at  the  point  shows  structure-Hues  running  but  little 
east  of  north,  with  vein-like  forms,  but  no  true  veins,  and  these 
faulted.  This  mass  is  only  less  brecciated  in  structure  than  the  mid- 
dle one;  and  I  find  some  pebble-like  portions  isolated  from  the  general 
mass.  On  the  whole  I  shall  set  th£  rock  down  as  Stuntz  conglomerate. 
The  formation  weathers  exceedingly  rough.     Rock  942. 

S.  W.  i,  N  E.  i,  sec.  16,  T.  65-6.  Flinty  argillyte,  dipping  about 
south  at  an  angle  of  25"".  There  is  no  schistosity  separate  from  the 
sedimentation  (943).     Query,  is  this  Animike? 

S.  W.  i,  N.  E.  i,  sec.  16,  T.  65-6.  Stuntz  conglomerate  forms  the 
wliole  point. 


STATE    GEOLOGIST.  201 

N.  E.  i,  N.  E.  i,  sec.  16,  T.  65-6.  A  mass  of  porphyritic  character, 
having  a  granular  feidspathic  base  and  feldspar  crystals.  It  is  similar 
to  Rock  936. 

N.  W.  i,  S.  W.  i,  sec.  16,  T.  6o-6.  In  the  southward  bay,  west 
side.  Same  sort  of  porphyritic  rock.  The  cliffs  rise  majestically 
around  the  shores  of  this  bay. 

N.  E.  i,  S.  E.  i,  sec.  16,  T.  65-6.  A  perpendicular  bluff  fifty  feet 
high,  broken  in  sub-columnar  forms.  It  is  still  the  porphyrelloid  rock, 
closely  related  to  Stuntz  conglomerate. 

The  same  formation  uprises  at  the  extremity  of  the  bay,  and  walls 
in  nearly  all  the  southeast  side. 

S.  W.  i,  S.  W.  i,  sec,  15,  T.  65-6.     Inland,  south  of  head  of  bay. 

A  lofty  hill  which  at  shore,  is  quite  conglomeritic,  but  back  fronn 
shore  is  scarcely  more  than  the  porphyrelloid  rock  so  abundant.     No> 
certain  schistic  or  bedding  structure  can  be  seen,  but  there  is  an  am-, 
biguous  structure  running  N.  20^  E.     From  such  observations  it  ap-- 
pears   that   the   Stuntz   conglomerate,  porphyrel,  porphyrellyte  and 
porodyte  sustain  close  relations  of  structure,  composition  and  genesis; 
and  actually  graduate  into  each  other.     The  schistic  condition  of  the 
porphyrellyte  and  the  fragmental  character  of  the  conglomerate,  ap- 
pear as  reminiscences  of  a  sedimentary  origin;  while  the   massive 
porodyte  and  generally  un bedded  porpb'^r®!  leveal  the  nature  of  the  . 
changes  to  which  all  have  been  exposed.. 

Rock  944.     Groundmass  of  Stuntz  c^)'*-) 

S.  W.  I  N,  W.  i,  sec,  15,  T,  &«  fi      ^fl  /r7  rlu     u 
mu  '  K     i  f   ^  »         X         ^'^'     **^"^*^  ^f  '^^*^'e  bay,  east  side 

The  iW.i^l  i,  elil  ,^  a  ^ike  of  diabase  (945)  30  feet  wide,  dipping 
So   borthward,  and  trending  N.  42°  E.  '     n     k 

Porphyrel  continues  to  the  eastern  end  of  this  northern  bifurcation 
of  Arm  IV.  Knife  lake  I  do  not  make  out  any  distinct  system  of 
bedd.ng  or  sch.stosity.  The  rock-masses  are  rough,  rugged,  lof  tyfand 
structureless;  obscurely,  however,  there  exists  a  series  of  vertical  but 
very  irregular  divisional  planes,  giving  rise  to  rough  and  rude  coJun.- 
liar  and  pyramidal  forms;  but  every  feature  is  irrec^ular 

■  f  ■  ^'  *\^  ^'  ^'  "''•  ^^'  "^^  '''^-     ^  S--^"^  '^•'^^  «f  the  same  rock 
indenting  the  head  of  this  Arm. 

y  W  i  N.  W.  i.  sec.  15,  T.  65-6.  A  perpendicular  bluff  100  feet 
high,  which  from  the  fragments  thrown  down,  appears  to  be  irre^n.. 
larly  bedded  slate,  some  of  which  is  bluish  and  some  blackish 

N  E.  i.  N.  E.  i,  sec.  16,  T.  65-6.  Porphyrel  appears  densely 'and 
neatly  porphyritic.  • 

The  high  range  of  bluffs  along  the  north  shore  of  the  north  bifur- 
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Cation  of  Arm  IV,  as  far  as  the  narrows,  is  all  formed  by  porphyrel, 
varying  little  in  external  aspect  or  internal  structure.  No  schistosity 
is  disclosed.  Some  of  the  bluffs  present  a  wild  and  picturesque  ap- 
pearance. 

S.  E.  i.  N.  W.  i,  sec.  16,  T.  05-6.  A  high  vertical  bluff,  a  little 
different  (946  bis).  It  is  fiuely  poi-phyritic,  with  a  feldspathic  ground- 
mass,  and  inclosing  slivers  of  dark  argillyte. 

S.  E.  i,  N.  W.  i,  sec.  16,  T.  65-6.  Slaty  argillyte  (946),  mostly 
^ark  color,  with  schistosity  and  sedimentation  planes  dipping  73°  toward 
S.  70°  E. 

S.  E  \,  N.  W.  i,  sec.  16,  T.  65-6.  An  enormous  vertical  mass  of 
slaty  material  dipping  57^  S.  S.  W.  The  sedimentary  banding  coin- 
cides. The  slate  is  mostly  dark,  roughish  argillyte  interbedded  witli 
granular,  grayish  argillyte.  Some  portions  have  the  hardness  and 
fracture-look  of  diabase;  but  they  are  not  truly  diabasic. 

Memorandum.  I  saw  here  a  strawberry  flower,  and  a  ripe  Alpine 
strawberry  on  the  same  stem — Sept    16. 

S  E.  i,  N.  W.  i,  sec.  16,  T.  65-6  A  mass  of  slate  dipping  65^  toward 
S.  25''  W  ,  and  intersected  by  a  diabasic  dike  15  inches  thick,  dipping 
SC  toward  N.  25^  E.,  and  therefore,  almost  exactly  at  right  angles 
with  the  slrtte. 

Rock  947.     Diabase  from  dike. 

Kock  948.     Slate  in  immediate  contact. 

Rock  941*.     General  character  of  the  slate.  < 

Rock  950.     Coarse  material  interbedded. 

Rock  951.     Fine  dark  diabase-looking  rock. 

Rock  952.  Conglonieritic  or  brecciated  portion  of  formation  with 
jiiany  grains  of  glassy  quartz. 

The  highest  rock  is  951. 

Similar  rocks  form  the  entire  promontory  which  faces  the  little  bay 
on  the  north  shore  On  the  north  side  of  the  bay  thp  dip  is  about  80^ 
south.  For  the  next  third  of  a  mile,  the  shore  is  lined  by  large  hills 
having  the  same  aspect  as  these. 

N.  E.  i,  S.  E  I  sec.  17,  T.  65-6.  Chloritic  iargillyte  (953),  very 
irregular  in  structure  and  rough  in  weathering. 

S.  E.  i,  S  E.  i,  sec.  17,  T.  65-6.  Black  siliceous  argillyte  (530). 
The  banding  is  conformable  with  the  schistosity. 

Glacial  stri«  S.  19°  W. 

There  is  no  sign  of  a  human  being  along  these  shores.  The  forest 
IS  primeval ;  the  ancient  moss  clothes  the  ground. 

bleeping  all  night  within  sound  of  the  roaring  falls  from  Epsilon 
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lake,  I  determined  to  visit  them  and  obtain  a  photograph  if  practic- 
able. I  find  the  falls  the  finest  that  I  have  yet  seen  in  northeastern 
Minnesota.  There  is  a  descent  of  at  least  75  feet,  down  one  continu- 
ous but  broken  slope,  at  an  average  angle  of  about  45°.  I  took  three 
negatives  under  considerable  difficulties,  all  of  one  scene  about  two- 
thirds  the  way  down.  A  view  of  twice  the  length  of  cascade  is 
[glimpsed  higher  up,  but  a  clump  of  ceders  forms  too  serious  an  ob- 
struction to  chop  away.  The  fails  are  visible  from  the  lake,  and  pre- 
sent so  much  the  aspect  of  the  falls  of  the  Giessbach  from  the  lake  of 
Brienz  in  Switzerland,  that  I  propose  to  name  these  the  American 
•Giessbach.  This  bifurcation  of  the  IV  Arm  is  also  of  nearly  the  di- 
mensions of  the  lake  of  Brienz,  and  is  surrounded  by  a  similar  ram- 
fiart  of  ancient  rocks. 

IS.  W  i,  N.  E.  i,  sec.  20,  T.  65-6.  Island  near  north  side  in  front 
of  the  Giessbach.  The  slate  hills  on  the  north,  with  their  steep 
fronts  present  from  here  a  very  impressive  view,  and  I  took  a  photo- 
graph. 

S.  E.  i,  S.  E.  i,  sec.  17,  T.  65-6.  Stuntz  conglomerate.  The  course 
now  passes  along  the  north  shore  of  the  IV  Arm. 

S.  E.  i,  S.  E.  i,  sec.  18,  T.  65-6.  A  high  and  massive  bluff  of  the 
nondescript  sort  of  rock  (540),  which  has  heretofore  been  denomin- 
ated Graywacke. 

S.  W.  i,  S.  E.  i,  sec.  18,  T.  65-6.  An  enormous  talus  fallen  from 
a  high  bluff.  Fine,  bluish,  dark  rock  (541),  without  conspicuous 
quartz,  and  looking  somewhat  like  very  fine  diabase;  but  I  think  it  a 
phase  of  the  graywacke  last  seen. 

N.  W.  i,  S.  W.  i,  sec.  24,  T.  65-7.  Graywackenitic  rock  (542).  but 
a  little  more  slaty  in  aspect  than  the  rock  541. 

Arm  y// (Knife  Lake). 

S  E.  i,  N.  E*  i,  sec.  23,  T.  65-7.  Portage  from  Arm  IV  to  Arm 
III,  Knife  lake.  The  two  arms  are  separated  here  by  about  forty 
paces,  and  we  portaged  over,  with  a  view  to  working  eastward  toward 
Saganaga  lake.  No  rock  is  in  place  on  the  portage,  but  I  saw  large 
bowlders  of  Stuntz  conglomerate  (543)  and  of  graywacke.  The  con- 
glomerate is  obscurely  porphyritic. 

S.  E.  i,  N.  W.  t,  sec.  23,  T.  65-7.  Mouth  of  Arm  III,  Knife  lake. 
Island  Rock  with  a  sub-slaty  structure,  breaking  into  cuboidal  frag- 
ments, hard,  with  a  slightly  graywackenitic  aspect,  but  on  close  in- 
spection, proving  to  be  a  compact,  siliceous  slate.  The  sedimentary 
structure  coincides  with  the  slatiness. 
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Body  of  Knife  lake. 

S.  W.  i,  S.  W.  i,  sec.  14.  T.  65-7.  Flinty  argillyte;  but  while  the 
beds  seem  tixed  and  rigid  in  direction,  there  are  convoluted  bandingSr 
indicating  an  original  sedimentation-structure  unconformable  with  the 
schistosity.  The  films  limiting  the  bands  are  nearly  black,  while  the 
bands  are  grayish-black  and  weather  dark  gray,  with  the  aspect  of  a 
compact  quartzyte.  In  thin  section,  under  the  microscope  we  find  a 
very  fine  granular  quartz  base  with  many  minute  disseminated  grains 
of  a  black  opaque  substance  appearing  anthracitic.  In  all  these 
features  it  approximates  the  flinty  schists  of  Qunflint  lake,  to  be  des, 
cribed  hereafter.  This  very  dark  siliceous  schist  is  represented  by 
rock  544. 

S.  W.  i,  S.  W.  i,  sec.  14,  T.  65-7.  This  is  only  an  eighth  of  a  mile 
north  of  the  last,  but  the  rock  (545)  presents  much  the  appearance  of 
the  Stuntz  conglomerate. 

S.  W.  i,  N.  W.  I,  sec.  14,  T.  65-7.  Island  opposite  mouth  of  Arm 
II,  Knife  lake.  Sericitic  felsitic  schist  (546)  lising  75  feet  above  the 
lake. 

N.  W.  k,  N.  E.  i,  sec.  14,  T.  65-7.  Mouth  of  Arm  II,  north  side. 
Porphyritic  Stuntz  conglomerate;  rock  547. 

Ann  I  (Knife  lake). 

S.  W,  i,  S.  W.  i,  sec  12,  T.  65-7.  Bjear  Narrows,  entrance  to  Ana 
I,  Knife  lake.     Siliceous  argillyte. 

S.  W.  1,  S.  W.  I  sec.  1-2,  T.  65-7.  Siliceous  argillyte  (548),  mas- 
sive, dark.     Strike  N.  72"  W. 

The  strait  into  Arm  I  of  Knife  lake  is  two  rods  wide,  swelling  in 
the  middle,  and  a  perceptible  current  flows  out. 

N.  W.  I,  S.  E  i,  sec.  li^  T  65-7.  On  my  first  visit  to  this  locality 
the  rock  was  set  down  as  "poroditic"  and  obscurely  porphyritic. 

Rock  549.     Poroditic  porphyrellitic  rock. 

On  my  second  visit  to  the  locality,  I  made  the  following  observa- 
tions: This  rock,  which  is  the  same  as  I  have  seen  in  many  places, 
especially  around  Knife  lake,  is  closely  related  to  porphyrel.  (For 
use  of  term  see  Report  for  1886,  p.  159).  It  not  only  consists  mainly 
of  the  groundmass  of  porphyrel,  as  I  have  seen  it  in  Arm  IV  of  Knife 
lake,  but  there  are  clear  evidences  of  the  incipient  emergence  of  felds- 
par  crystals  from  the  mass.  Thin  scales  possess  a  waxy  translucency, 
and  the  whole  base  looks  felsitic,  but  it  is  not  hard  enough  for  this. 
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-though  what  I  have  called  felsitic  schist,  from  Sucker  lake  eastward, 
is  sometimes  closely  similar.  I  am  unable  to  form  ia  the  field,  a  fihal 
•opinion  respecting  its  nature.  It  requires  investigation.  From  mac- 
Toscopic  study  I  should  say  it  is  composed  of  argillaceous  nfatter,  felds- 
*par  and  silica  in  varying  proportions,  with  indications  of  a  magnesian 
mineral.  Perhaps  it  is  parophitic.  It  seems  to  form  essentially  the 
groundmass  of  what  I  have  called  porphyrel,  and  for  the  sake  of 
>anderstanding  myself,  I  will  hereafter  call  this  porphf/rellyte. 

This  rock  I  think  generally  nearly  destitute  of  free  quartz,  but 
sometimes  I  am  sure  quartz  grains  are  present.  When  j;hey  give  a 
marked  hardness  to  the  rock,  or  when  a  fine  siliceous  constituent  causes 
the  rock  to  abrade  steel,  it  may  be  qualified  as  siliceous  porphyrellyte. 
It  argillaceous  matter  is  also  present,  resulting  in  a  moderate  faard- 
:ness,  though  free  quartz  be  present,  the  rock  may  be  characterized  as 
a  yvayioackenitic  porphyrellyte. 

Rock  954.     Porphyrellyte  from  N.  W.  t,  S.  E.  i,  sec.  12,  65-7. 
Rock  955.     Slaty  porphyrellyte.     (Slatiness  not  much  seen  in  this 
specimen.) 

S.  W.  i,  N.  W.  i,  sec.  7,  T.  65-6.  A  stupendous  vertical  cliflF  (966) 
at  the  lake  front  of  a  hill  composed  of  what  I  have  designated  silice- 
ous porphyrellyte. 

N.  W.  i,  N.  W.  i,  sec.  7,  T.  65-6.    This  point  is  composed  of  rock 
very  similar  to  rock  954;  but  with  somewhat  the  aspect  also  of  the 
jporodyte  of  Vermilion  lake. 

Rock  550.     Poroditic  porphyrellyte  (provisionally). 
N.  W.  i,  N.  W.  i,  sec.  7,  T.  65-6.    A  good  typical  outcrop  of  the 
so-called  porphyrellyte.     Rock  957.    . 

At  this  place  I  find  fragments  lefc  by  some  other  person,  of  a  con- 
glomerate possessing  interest.  The  groundmass  is  a  siliceous  porphy- 
rel, but  the  rock  holds  also  rounded  pebbles  of  a  very  dark  color,  ap- 
parently amorphous  hornblende,  and  also  pebbles  of  dark  fine  diabase. 
Yet  the  rock  is  not  Stuntz  conglomerate  as  seen  in  this  region.  It  is, 
.however,  similar  to  Stuntz  conglomerate  seen  on  islands  in  Vermilion 
lake. 

Rock  958.     Conglomeritic  porphyrel. 

N.  E.  i,  N.  W.  i,  sec.  7,  T.  65-6.  On  the  northeastern  shore  of  a 
small  bay  setting  from"  Knife  lake,  First  Arm.  The  land  rises  steeply 
to  the  hight  of  seventy-five  and  one  hundred  feet,  and  presents  near 
the  summit,  as  seen  from  the  water  two  or  three  abrupt  precipices.  At 
the  base  of  the  hill,  the  formation  is  porphyrellyte  (Rock  959).  After 
:an  ascent  of  about  40  feet,  gabbro  is  seen,  quite  characteristic,  in 
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carrying  magnetic  iron  ore.     It  has  a  vertical  thickness  of  at 
)  feet.     At  the  summit  I  was  able  to  trace  an  abrupt  break 
m  the  gabbro  and  the  porphyrelly  te.    The  line  of  junction  traced 
i  surface,  is  shown  on  the  following  diagram: 


Fig.  21.    Junction  between  gabbro  and  porphyrellyte,  Knife  lake. 

The  gabbro  along  the  line  of  junction  is  magnetic;  the  porphyrel- 
lyte,  flinty. 

The  relations  here  existing  seem  to  indicate  that  the  gabbro  is  an 
overflow  over  an  old,  already  denuded  surface. 
Rock  959.     Porphyrellyte  irom  base  of  hill. 

Qabbro  with  magnetite. 
Flinty  porphyrellyte,  in  contact  with  gabbro. 
Magnetitic  gabbro  in  contact  with  porphyrellyte. 
Gabbro  of  prevailing  character. 
About  twelve  feet  north  of  this  line  of  junction,  I  find  another. 
The  porphyrellyte  is  the  same  mass  as  the  other.     The  line  trendf^ 
differently;   but  this  dei>ends  undoubtedly  on  the  configuration  of  the 
porphyrellyte  surface. 


Rock  960. 
Rock  961. 
Rock  962. 
Rock  963. 


Vig.  22.    Another  junction  between  gabbro  and  porphyrellyte^  Knife  Ic 
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I  find  other  lines  of  junction  in  exploring  the  sammit  of  the  hilt 
northward.  All  the  jtinctionB  are  irregular  whether  traced  vertically 
or  horizontally.  No  appearance  of  a  dike-form  is  seen.  It  is  as  if 
there  bad  been  a  rough  and  irregular!;  rounded  surface  over  which 
the  gabbro  had  flawed.  My  conception  of  the  relative  positions  of 
the  gabbro  and  slate  is  represented  by  the  following  diai;ram : 


Fig.  23.  Relation  of  the  gabbro  and  strata  at  N.  W.  J,  sec  7,  T.  65-6 
W.,  Knife  lake.     Section  east  and  west. 

Continued  my  observations  in  the  contiguous  hill  still  farther  north- 
ward, and  fonnd  the  two  formations  alternating  with  a  kind  of  irreg- 
ularity entirely  suggestive  of  the  explanation  embodied  in  the  above 
diagram. 

Extended  the  examination  to  the  northern  and  highest  hill.  This 
mass  is  all  porphyrellyte,  in  most  parts  somewhat  slaty.  It  presents 
on  the  westward  faciug  cliff,  a  rude  columnar  appearance. 

It  is  not  apparent  why  the  gabbro  should  remain  just  here,  and  not 
be  known  on  other  parts  of  Knife  lake  so  far  examined— for  I  have 
seen  nearly  all  the  Minnesota  shores  of  the  lake.  Of  course,  this  ap- 
parent absence  may  result  from  insufficient  investigation.  It  is  also, 
an  interesting  question,  why  here,  the  highest  summit  is  not  covered, 
while  the  two  lower  ones  are  partially  covered.  Has  the  gabbro  been 
(^enoded?  or  was  this  latitude  above  the  level  of  the  flow? 

N.  E.  i,  S.  W.  i,  sec  6,  T.  65-6.  Porphyrellyte  like  550  and  957  8, 
•omewhat  poroditic  in  aspect.     Rock  551. 
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l^ortage  eastward  out  of  Knife  lake.     N.  E.  i,  S.  W.  i,  sec.  32.  T. 
66-6.     Porphyrellyte— 652. 

S.  E.  cor.  sec.  31,  as  of  Minn.,  Canada.     Siliceous  slate,  standing 
verticall}',  with  sedimentary  structure  corresponding. 

Coursed  along  the  entire  Canadian  shore  of  this  (First)  arm  of 
Knife  lake. 

S.  E.  part  of  sec.  1,  T.  65-7,  as  of  Minnesota.  Porphyrellyte. 
Found  along  this  Canadian  shore  nothing  but  siliceous  slate  and  por- 
phyrellyte in  conditions  more  or  less  slaty. 

At  Bear  narrows,  the  western  entrance  to  Arm  I,  a  line  of  rounded 
detached  rock-masses  extends  across  the  strait.  Geologically  speaking 
it  is  not  long  since  there  existed  here  a  continuous  rock  barrier,  with 
only  a  cut  for  the  drainage.  Arm  I  was  then  a  separate  lake,  and 
may  have  stood  at  a  higher  level.  There  were  rapids  then,  connect- 
ing with  the  main  lake. 

Body  of  Knife  lake. 

From  Bear  narrows  pursued  the  windings  of  the  north  or  Canadian 
shore  of  the  main  lake,  and  laid  them  on  a  township  plat.  I  thought 
perhaps  this  shore  would  extend  to  the  crystalline  schists;  but  it  does 
not. 

At  the  most  northern  point  of  Knife  lake,  Canada,  the  formation  is 
gray, .semi-argillaceous  slate  (964),  distinctly  but  irregularly  bedded 

Slates  varying  from  gray  to  dark,  extend  along  the  whole  Canadian 
shore  of  the  body  of  Knife  lake.  They  rise  in  rounded  hills  from  100 
to  200  feet  in  hight,  presenting  some  deep  intervening  gorges  and 
percipitous  escarpments  facing  the  lake.  They  are  partly  covered  by 
small  spruce  and  Norway  pines,  which  have  generally  escaped  the 
destructive  burnings  of  the  Minnesota  side.  The  shore  line  is  deeply 
and  irregulary  indented  by  bays,  and  cut  by  lofty  and  massive  head- 
lands and  promontories  stretching  from  a  third  to  half  a  mile  into 
the  body  of  the  lake. 

S.  E.  i,  S.  E.  i,  sec.  21,  T.  65-7.  Knife  lake  promontory,  west  end. 
This  is  a  bold  and  conspicuous  head-land,  as  seen  from  the  western 
part  of  the  lake  in  sections  21,  28  and  29.  It  is  narrowly  connected 
with  main-land  at  the  eastern  extremity  where  we  made  a  portage 
from  the  Fourth  to  the  Third  Arm.  Its  main  mass  is  150  to  200  feet 
high  and  has  been  denuded  by  fire. 

I  first  examined  the  second  point  from  the  north  on  the  weathered 
face  of  the  promontory.     To  my  surpiise,  the  rock  found  here  is  ipib- 
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Wo  (963).     It  rises  up  from  beneath  the  water-level,  and  continues 
JUiintemiptedl^'  to  the  summit. 

North  of  this  rises  a  higher  hill,  with  an  escarpment  also  facing 

▼est.    Between  the  two  is  a  depression.     I  walked  across  to  the  high 

lull.    At  the  commencement  of  the  slope  I  found  a  greenish  gabbro- 

siate  (966)  with  grains  of  quartz-like  hardness  (olivine  ?) 

To  this  succeeds  a  highly  olivinitic  (?  )granular  rock  967^  consisting 

•of  rounded  glassy  olivine  (?)  grains  imbedded  in  a  gray-feldspathic 

matrix,  brewing  irregularly,  and  presenting  on  the   fresh  surface, 

mnny  reflecting  surfaces,  and  only  partially  a  gabbrolitic  aspect. 

Quite  at  the  summit  of  this  northern  hill,  the  rock  is  a  coarse- 
grained  greenstone  (968).  In  tracing  it  eastward,  however,  along  the 
promontory,  it  soon  passes  to  gabbro  again. 

I  find  the  surface  presenting  a  succession  of  imbricating  beds,  about 
twenty  inches  thick,  dipping  northward  at  a  low  angle  as  shown 
below : 


Fig.  24    Imbricating  beds  of  gabbro,  summit  of  Knife  lake  promontory. 

Dipping  northward. 

This  feature  suggests  a  succession  of  overflows  from  the  south. 
The  phenomenon  is  identical  with  that  seen  on  the  summit  of  a  high 
bead -land  in  lake  Gabimichigama.     See  Halt  840,  p.  171,  Rep.  1886. 

Within  half  a  mile,  I  find  gabbro  with  considerable  magnetite. 
The  rock  also  changes  to  a  variety  with  a  large  pioportion  of  white 
feldspar. 

Rock  969.     Magnetitic  gabbro,  Knife  Jake  promontory. 
Rock  970.     Gabbro  with  white  feldspar,  Knife  lake  promontory. 
Here  is  a  blufi"  of  gabbro  facing  east,  and  a  lower  level  of  the  pro- 
I  montory.   I  presume  this  is  the  place  where  the  gabbro  ends  eastward; 
■   but  I  did  not  go  down  to  the  brush-covered  level  below. 

Gabbro  continues  from  the  summit  of  the  highest  bluflP  down  to  the 
rater's  slope  and  below. 
Rock  971.     Gabbro  from  base  of  north  bluflP. 
Rock  972.     Purplish  gabbro  with  much  glassy  olivine. 
Took  photograph  of  this  promontory  from  a  spot  on  the  Canadian 
shore. 
27 
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At  the  portage  out  of  Knife  lake,  northward  is  a  siliceoaa  schist 
of  dark  color,  almost  pure  flint.  Rock  978.  See  farther  under  Pseodo^ 
messer. 

§  7. — OTTERTRACK   AND  OAK  LAKES. 

Ottertrack  lake  lies  wholly  in  T.  66,  R.  6,  W.  It  stretches  fronr 
the  southwest  quarter  of  sec  32  to  the  western  boundary  of  sec.  24, 
with  an  average  widiji  of  a  quarter  of  a  mile.  The  timber  has  been 
completely  burned  on  the  Minnesota  side,  but  remains  flourishing  on 
the  Canadian  side.  Both  shores  are  walled  in  by  massive  hills  of  ar- 
gillitic  and  graywackenitic  slates  intersected  by  numerous  dikes  of 
diabase.  These  hills  attain  elevations  up  to  200  feet  and  on  thenortb 
shore  present  in  places  lofty  vertical  precipices,  especially  at  the  east- 
ern extremity.  Oak  lake,  so  named  from  a  few  small  oak  trees  at  the 
eastern  extremity,  is  about  half  a  mile  in  length  and  lies  wholly  in 
sec.  24,  T.  66-6.  The  soil-covered  and  arable  areas  near  the  shores  of 
these  lakes  are  very  limited  in  extent,  and  in  the  absence  of  timber  the 
region  presents  few  inducements  to  settlement. 

N.  E.  i,  sec.  30,  T.  66-6,  (as  of  Minn.).  North  shore  Ottertrack 
lake.  Graywacke— a  grand  cliff  fifty  feet  perpendicular,  with  a  talus 
slope  of  thirty  feet. 

Rock  553.     Fine  textured  graywacke. 

N.  E.  i,  N.  E.  i,  sec.  32,  T.  66-6,  (as  of  Minn.).  A  mass  of  dia- 
base (554). 

Same  sixteenth  as  the  last.  Graywacke  again  (555),  but  with  a 
slightly  slaty  aspect. 

S.  W.  i,  S.  W.  i,  sec.  28,  (as  of  Minnesota).     Canadian  shore. 

Rock  with  the  aspect  of  graywacke,  but  when  broken,  feldspar  crys- 
tals and  grains  are  seen  emerging  from  a  feldspathic,  chloritic  ground- 
mass,  and  glassy  crystals  of  quartz  are  scattered  here  and  there. 

Rock  556.     Chlorite  gneiss,  Ottertrack  lake. 

N.  W.  i,  sec.  33,  T.  66-6,  Minnesota.  Graywacke  with  clear 
small  grains  of  glassy  quartz  disseminated. 

Rock  557.     Graywacke,  Ottertrack  lake. 

S.  E.  i.  sec.  28,  T.  66-6,  Minnesota.  Tough,  slaty  argillyte  (558), 
in  places  graywackenitic. 

Near  centre  sec.  27,  T.  66-7.  Lofty  cliff  of  dark,  fine  graywacke — 
rock  559. 

N.  E.  i,  sec.  27,  T.  66-6.  A  presq'ile  formed  by  a  hill  about  lOO 
feet  high.    The  rock  is  still  graywacke. 

S.  W.  i,  sec.  23,  as  of  Minnesota.     Graywacke  (569),  with  heavy 
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beds  dipping  N.  about  40"";  but  these  do  not  appear  sedimentary,  and 

I  do  not  find  indications  of  sedimentary  structure  over  any  part  of  the 

cliff. 

Much  of  the  rock  in  this  vicinity  is  massive  slaty,  and  the  hills  rise 

1S5  to  150  feet  above  the  lake. 

S.  E.  i  sec.  33,  T.  66-6.     Siliceous  argillyte  (£161).    These  exposures 

are  so  lichen -covered  that  bedding  features  are  concealed.     Opposite 

this  point  is  an  imposing  precipice  ISO  feet  high. 

N.  W.  i.^sec.  24,  T.  66-6,  as  of  Minnesota.    Siliceous  argillyte  like 

last,  but  sedimentary  bedding  is  distinct  (562),  standing  vertical  and 

mach  warped. 
On  portage  from  Ottertrack  to  Oik  lake.    A  ridge  formed  of  rock 

wiAi  weathered  surfaces  strewn  with  white  grains  which  prove  to  be 

erystals  and  fragments  of  feldspar,  and  some  grains  of  flinty  quartz. 

The  groundmass  is  graywackenitic,  with  traces  of  slaty  structure. 
Rock  563.    Porphyroid  graywacke. 

The  portage  is  a  third  of  a  mile  long  and  rough,  ending  in  a  swamp. 
N.  E.  i,  sec.  24,  T.  66-6.    Oak  lake.     Graywacke,  fine  and  gray. 
N.  E.  i,  sec.  24,  T.  66-6.    East  end  of  Oak  lake. 
Compact  mass  of  grains  of  feldspar  and  glassy  quartz  in  an  imper- 

feet  groundmass  of  feldspathic  character.    In  places  a  vertical  bed^ 

ding  is  visible. 
Rock  564.     Compact  granulyte. 

The  route  from  Ottertrack  to  Saganaga  lakes  illustrates  well  a  pas- 
sage from  argillyte  and  graywacke  to  gniess  and  syenite.     We  pass  no 
transition  from  distinctly  bedded  to  distinctly  massive  rocks.     The 
bedding  becomes  obscure  in  the  graywacke  and  the  rock  soon  reveals 
itself  as  a  groundmass  in  which  emerge  into  view  first  obscurely  and 
tlien  distinctly,  crystals  and  crystal  fragments  of  feldspar.     The  rock 
it  porphyritic,  but  the  bedded  structure  is  so  evident  that  I  distinguish 
it  as  porphyrel.    Almost  simultaneously  individuals  of  quartz  rise  ii.to 
^w  and  we  have  a  quartzitic  porphyrel,  or,  with  little  groundmass,  a 
XraDolyte.     A  little  further  on  in  this  series  of  changes  a  chloritic 
coustituent  becomes  apparent;  and  still  further  this  is  seen  to  be  liut 
tn  altered  hornblende,  and  the  quartzitic  porphyrel  has  become  a  real 
Venitic  gneiss.     The  bedding  of  the  gneiss  is  demonstrably  the  pro- 
longation of  the  porphyrel,  the  graywacke  and  the  argillyte. 

§  8.      LAKE  SAGANAOA. 

lake  Saganaga  is  in  many  ways  interesting.    It  carries  the  boun- 
^^Ty  of  the  state  farther  north  than  at  any  other  point  east  of  the 
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4ihirteenth  range  west— the  boundary  passing  through  the  southern 
(part  of  T.  67-4.  The  lake  itself  reaches  into  T.  68-4— if  we  extend 
into  Canadian  territory  the  United  States  system  of  geographical  des- 
•criptions.  With  this  understanding  we  may  say  the  body  of  the  lake 
stretches  from  the  middle  of  T.  66  into  the  southern  tier  of  sections 
of  T.  68.  But  there  are  three  southward  stretching  Arms  of  which 
the  small  weseterly  Arm  reaches  sec.  24,  T.  66-6,  the  long  middle  Arm 
reaches  Red  Rock  lake  in  sec  28,  T.  66-5,  and  the  easterly  Arm  reaches 
sec.  31,  T.  66-4.  In  dimension  from  east  to  west  this  Itfke  extends 
from  sec.  24,  T.  66-6  into  sec.  23,  T.  67-4,  as  nearly  as  I  could  estim- 
ate. This  makes  the  extreme  length  of  the  lake  from  north  to  south 
of  about  twelve  miles,  and  an  extreme  breadth  from  east  to  west  of 
about  eleven  miles.  * 

It  must  be  explained,  however,  that  locations  extending  into  Can- 
adian territory  can  only  be  regarded  as  rough  estimates.  As  the  Can- 
adian territory  has  not  been  surveyed  and  platted,  as  far  I  am  in- 
formed, the  distances  and  configurations  of  the  Canadian  shores  were 
laid  down  from  the  canoe  by  estimation  while  coasting  along  A 
good  pocket  compass  was  always  in  hand,  and  bearings  were  taken  of 
salient  points  from  each  other.  Such  methods  are  of  course,  undesir- 
able; but  it  seemed  important  to  obtain  as  good  a  map  as  possible  of 
certain  parts  of  the  lake. 

Another  interesting  feature  of  this  lake  is  its  labyrinth  of  granitic 
islands  and  the  intricacies  of  its  deep  winding  bays  and  channels.  A 
rough  measurement  of  the  shore-lines  bordering  Minnesota  gives  48 
oniles.  A  similar  measurement  of  Canadian  shores  traversed  and 
platted  gives  33  miles.  Through  T.  67-5  and  66-5,  the  Canadian  shore 
not  meandered,  would  amount  to  perhaps  15  miles.  This  would  give  a 
"total  shore  line  of  nearly  100  miles,  without  reaching  the  island  shores. 

The  country  bordering  the  shores  presents  a  succession  of  rounded 
Lills  rising  to  hights  of  100  to  200  and  300  feet.  The  timber  on  the 
Minnesota  side  is  mostly  burned.  What  remains  consists  of  spruce 
and  Jack  pines,  with  patches  of  poplar  and  white  birch.  Tamarack 
is  also  found  in  the  swamps.  The  features  of  the  country  are  carved 
out  on  a  broad,  bold  scale  The  landscape  is  striking  and  abundant 
in  scenic  interest;  but  it  is  dreary  and  inhospitable. 

The  lake  rests  mainly  in  the  indentatatious  and  undulations  of  a 
syenitic  surface.  The  Minnesota  shores  are  all  syenitic,  except  tke 
most  southern  prolongations  of  the  great  central  and  eastern  Armif 
which  attain  the  region  of  schists  bordering  the  great  syenitic  masi« 
•On  the  southwest  is  found  a  noteworthy  conglomerate;  and  on  a  Cani^* 


STATE   GEOLOGIST.  213: 

dian  island  near  the  eastern  shore,  a  similar  conglomerate.  My  ex- 
pIoratioQ  shows  that  most  of  the  north  shore  borders  on  an  area  of 
earthj  schists  apparently  of  the  same  age  and  nature  as  those  near 
VermilioD  lake.  The  indications  point  to  a  continuation  of  these 
schists  along  the  northwest  shore,  through  Towns  67-5  and  66-5.. 
Professor  Irving  reports  schists  also  on  the  eastern  side;  but  though  I 
saw  most  of  the  eastern  side  I  did  not  observe  them. 

The  course  of  the  observations  through  lake  Saganaga  begins  at  the 
southwestern  extremity  on  the  boundary,  and  proceeds  eastward  along. 
the  windings  of  the  three  southward  bays  to  the  portages  or  rapids^ 
into  the  adjacent  lakes — Red  Rock  and  Sea  Gull,  including  Sea  Gull 
^  river  (so-called)  and  continues  to  the  rapids  out  of  Granite  lake. 
From  here,  the  whole  Canadian  shore  is  meandered  through  T.  67-4  (as 
of  Minnesota)  into  T.  68-4,  as  I  estimate,  aud  thence  about  as  far  as 
sec.  10,  T.  67-5  (as  of  Minnesota).  The  Canadian  shore  from  here  to. 
the  place  of  beginning  was  not  visited. 

The  most  intricate  and  interesting  portion  of  the  body  of  the  lake 
is  mapped  on  the  following  page,  and  the  halt  numbers  within  that 
limit  are  expressed  on  the  map. 

The  formation  at  the  entrance  of  Saganaga  lake  is  similar  to  that 
near  Oak  lake,  but  here  it  weathers  red.     It  is  essentially  a  compact 
1^  granulyte  (565). 

S.  E.  i,  sec.  24,  T.  66-6.     In  the  small  southward  Arm. 

Here  the  formation  is  mostly  argillyte,  striking  in  the.unusual  direc* 
tion  of  N.  34''  W.,  standing  vertical,  and  alternating  with  beds  of 
gpraywacke,  very  fine,  sometimes  aphanitic,  and  everywhere  feldspathic 
This  is  evidently  a  prolongation  of  the  rock  on  Oak   lake  at  see.  24, 
66-6. 

Rock  566.     Argillyte,  quite  characteristic. 

Rock  567.     Graywacke,  interstratified  with  566. 

S.  E.  i,  sec.  24.  Extremity  of  bay.  Porphyroid  graywacke  (568) 
like  No.  563,  on  Oak  lake. 

Along  the  shore  southeast  of  this  bay,  the  rocks  are  very  distinctly 
dtty,  standing  nearly  vertical. 

N.  E.  i,  sec.  24,  T.  66-6,  on  town  line.  Blueberry  island.  This  is 
a  quarter  of  a  mile  east  of  the  termination  of  the  portage.  The 
gnmnlyte  of  Oak  lake  (Nos.  564  and  565)  assumes  a  very  quartzose  con- 
dition (569)— the  grains  of  quartz  at  least  two-thirds  of  the  whole 
mass. 

It  will  be  interesting  to  note  that  from  the  region  as  far  as  the 
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Saganaga  syenite  is  traced,  large  grains  of  quartz  constitute  a  distinct- 
ive character. 

N.  W.  i,  S.  W.  i.  sec.  19,  T.  66-5.  Chlorite  syenite  (570).  The 
grains  of  quartz  ant  large,  angular  and  numerous,  and  on  weathered 
surfaces  stand  out  prominently.  The  feldspar  exists  in  sub-angular 
patches,  imbedded  with  the  quartz  in  a  groundmass  which  is  mostly 
chloritic,  and  in  places  develops  chlorite  spots,  while  in  other  places, 
hornblende  forms  emerge  into  visibility.  So,  apparently,  a  syenite 
either  appears  or  disappears.  These  characters  I  have  learned  to  recog- 
nize as  the  borderland  between  schistic  and  gneissic  areas. 

Centre  of  sec.  19,  T.  66-5.  Chlorite  syenite  like  the  last.  This  rock 
here  differs  from  the  chlorite  gneiss  of  Pipestone  rapids,  in  having  ihe 
quartz  gathered  in  crystalline  aggregates. 

S.  W.  i,  S.  E.  i,  sec.  18,  T.  66-5.  Chlorite  syenite,  but  with  quartz 
crystals  still  larger  (571).  Here  also  are  associated  hornblende  ap- 
pearances. 

S.  E.  i,  S.  E.  i,  sec.  18,  T.  66-5.  Chlorite  syenite,  with  quartz 
weathering  very  conspicuous. 

X.  E.  i,  S.  E.  i,  sec.  18,  T.  66-5  Here  the  rock  presents  a  fairly 
well  developed  hornblende  (572).  The  isolated  individuals  of  quartz 
are  about  one- third  of  the  mass;  and  there  are  two  varieties  of  feld- 
spar— a  pale,  lemon-colored  and  a  more  abundant  pinkish — the  latter 
not  well  isolated. 

Centre  of  sec.  17,  T.  66-5.     Syenite  like  last. 

For  the  space  of  a  mile  along  the  direct  coast  from  here  oo  outcrops 
are  observed. 

N.  W.  i,  S.  E.  i,  sec.  9,  T.  66-5.  Syenite,  the  individual  minerals 
ill!  handsomely  isolated — the  quartz  grains  glassy  and  much  the  larg- 
est.    Rock  573. 

Great  Middle  Ann,  Saganaga  lake. 

Centre  of  sec.  10,  T.  66-5.  This  position  faces  the  greatest  body  of 
the  water.  Here  is  an  expanse  of  water  looking  northeastward,  esti- 
mated at  six  miles  in  breadth.  This  is  at  the  mouth  of  the  great  mid- 
<lle  Arm  of  the  lake,  which  from  here  has  a  general  direction  south- 
ward and  southwestward.  The  formation  is  syenite,  mostly  porphyrit- 
ically  quartzose  as  before;  but  I  find  some  portions  with  all  the  cod- 
stitnents  fine. 

Rock  574.     Fine  grained  syenite  as  above. 

S.  E.  i,  N.  E  i,  sec.  15,  T.  66-5.     Syenite,  still  porphyritically 
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<|uartzose.     Blotches  two  or  three  inches  in  diameter  have  undergone 
a  ferraginization. 

This  point  is  cTver  a  mile  from  1177,  the  centre  of  sec.  10,  66-5,  but 
Beveral  examinations  of  the  rocks  have  been  made,  to  find  a  coutiuu- 
■oas  shore-line  of  syenite.  Near  this  locality  the  sound  of  a  cascade 
is  heard  in  the  stream  comi ug  in  from  the  small  lake  in  sees.  20 
and  21. 

S.  W.  i,  S.  E  i,  sec.  15,  T.  66-5.  Syenite  with  large  angular 
£;rains  of  quartz 

S.  W.  i,  N  E.  i,  sec.  22,  T.  66-5.     Syenite  exactly  as  heretofore. 

Centre  S.  W.  i,  sec.  22,  T.  66-5.  Syenite  as  before.  It  does  not 
present  a  red  appearance  along  the  shores  because  lichen-covered. 

Rock  575.     Saganaga  syenite. 

N.  E.  i,  N.  E.  i,  sec.  28,  T.  66-5.     Syenite  as  before. 

This  Arm  is  indented  by  constantly  occurring  deep  and  sinuous  bays 
and  is  studded  with  low  syenite  islands. 

S.  E.  i,  N.  W.  i,  sec.  14,  T.  66-5.  Island  near  mouth  of  middle 
Arm.  A  singular  rock  in  an  unexpected  situation.  From  the  water, 
4>D  the  east  side  of  the  island,  white  quartz  is  seen  in  considerable 
abandauce.  On  examination  I  find  some  veins  one  or  two  inches 
ill  diameter;  but  most  of  the  quartz  results  from  the  excessive 
abundance  of  the  usual  quartz  grains.  These  are  very  unevenly  dis- 
seminated— sometimes  aggregated,  and  in  places,  nearly  wanting.  The 
rock  itself  is  not,  of  course,  a  characteristic  syenite.  All  hornblende 
has  disappeared.  A  feldspathic  matrix  remains,  with  some*  green 
specks  and  spots,  and  the  quartz  is  imbedded  in  it.  Some  of  the 
broken  surfaces  of  the  rock  have  a  sericitic  lustre.  The  formation,  on 
the  whole,  appear.^  roughly  bedded,  with  a  dip  of  63°  toward  S.  70°  W 
Bui  this  dip  is  not  persistent.  In  places,  the  rough  beds  stand  on  edge 
— ^yet  even  here  I  suspect  these  are  jointed  prisms,  since  the  southwest 
bedding  can  still,  in  some  cases,  be  detected.  The  edges  of  the  out- 
cropping layers  are  a  mass  of  small,  lenticular  parts  packed  closely 
together,  and  weathering  exceedingly  rough.  This  sort  of  rock  ex- 
tends along  the  east  side  of  the  island  for  eight  or  ten  rods. 

Rock  835.     Quartz  from  island  as  above. 

Rock  836.     Samples  of  the  formation. 

Rock  837.     Samples  eight  rods  further  north. 

North  end  of  the  island.  I  considered  it  necessary  to  trace  this  pe- 
culiar formation  further.  At  the  north  end  of  the  island,  the  appear- 
Mce  is  similar.     The  surface  has  a  peculiarly  brecciated  aspect. 

Rock  838.     Sample  from  north  end  of  the  island. 
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Rock  839.    Sample  showing  the  weathered  surface^ 

Rock  840.     A  rounded  mass  included  in  the  rock. 

By  degrees,  in  approaching  the  northwest  angle  of  ttBisrand^wcf 
find  a  condition  of  the  rock  (841)  in  which  the  feldspar  weathers 
reddish. 

To  some  extent  now  the  formation  is  a  granulyte.  There  is  no  other 
exposure  on  this  island. 

Little  island  one  quarter  mile  southwest  of  last.  The  rock  is  ordin- 
ary syenite. 

Point  of  main  land  east  side.     N.  W.  i,  S  E.  h  sec.  14,  T.  66-5. 

Looks  like  ordinary  syenite  of  the  region.  The  quartz  grains  are* 
rather  large.  The  principal  feldspar  is  reddish,  and  there  is  also  ». 
little  whitish.  The  dark  mineral  is  a  dark  greenish  viridite  with  light, 
green  streak. 

Rock  842.     Viriditic  syenite. 

S.  W.  i,  S.  W.  i,  sec.  31,  T.  66-4.  North  end  of  portage  from  Sea- 
gull  to  Saganaga  lake.  Syenite,  unlike  that  at  the  south  end  of  the 
portage.  (See  Seagull  lake,  rock  608).  It  contains  small  hornblende 
individuals. 

S.  W.  1,  sec.  30,  T.  66-4.     Island  in  so-called  Seagull  river. 

The  syenite  here  contains  a  predominance  of  small  quartz  grains, 
and  somewhat  sparsely  scattered  kernels  of  very  large  size — up  to 
five-sixteenths,  and  rarely,  half  an  inch  in  diameter. 

N.  W.  i,  sec.  19,  T.  66-4.     Saganaga  syenite— 609. 

This*so-called  river  is  little  other  than  a  long  irregular  narrow  bay 
setting  southward  from  Saganaga  lake.  Still,  it  is  somewhat  more 
than  that  since  a  gentle  flow  of  water  sets  southward  and  at  the  nar- 
rows a  quarter  of  a  mile  further  south,  we  find  gentle  rapids.  The 
shores  are  very  continuously  hemmed  in  by  rounded  hills  of  Saganaga 
syenite. 

S.  W.  i,  iN.  W.  1,  sec.  17.  T.  66-4.  At  the  termination  of  so-called 
Seagull  river.  The  last  narrows  half  a  mile  south  of  here  are  set 
down  as  "Caribou  narrows."  Saganaga  syenite  (610)  continues,  but 
here  with  an  increase  of  hornblende.     The  red  feldspar  is  well  isolated. 

Near  centre  of  see.  8,  T.  66-4       Sj'enite  without  coarse  quartz, 
though  the  prevailing  character  along  this  shore  is  otherwise.     This 
formation   contains  rounded  pebbles  of  another  variety  of  syenite 
composed  mostly  of  hornblende  (perhaps  augite)  and  small  dissemin-  - 
ated  quartz  grains  and  little  feldspar. 

Kock  611.     Syenite  with  pebbles. 
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Body  of  the  lake  (Saganaga). 

S.  £.  i.  sec.  5«  T.  66-4.  Saganaga  syenite  (coarse  quartz)  and  also 
containing  rounded  pebbles  of  dark  hornblende  syenite  as  before. 

Bock  G12.    Syenite  with  pebbles,  as  above. 

N.  £.  i,  sec.  4,  T.  66-4.  Island.  Saganaga  syenite,  still  with  dark 
rounded  pebbles. 

In  reference  to  the  occurrence  of  water-worn  pebbles  in  the  syenite, 
•compare  especially  Rocks  599-607  in  Seagull  lake,  and  Rocks  615-624 
an  Saganaga  lake. 

Syenite  hills  rise  on  every  hand  in  all  this  region.  The  island  in  T. 
674,  Minnesota,  consists  of  low  syenite  protuberances  mostly  not  over 
30  to  50  feet  high,  but  others  reach  150  feet. 

Hapids  out  of  Qrauite  lake,  Saganaga  syenite  (613).  The  quartz 
kernels  are  up  to  half  an  inch  and  more  in  diameter. 

The  rapids  seem  to  be  incorrectly  located  on  the  plat.  They  come 
in  at  the  south  extremity  of  the  little  bay,  and  not  on  the  east  of  the 
bay.  They  form  a  pleasing  view,  and  I  took  a  successful  negative 
of  the  scene. 

Determined  to  make  an  examination  of  the  Canadian  shore,  I 
sketched  in  as  well  as  I  could  the  coufiguratioh  of  the  land  on  the 
same  scale  as  the  American  township  plats. 

.  NoTK. — ^Tbe  localities  at  which  rock  samples  were  collected,  indicated  on  the 

map  of  Saganaga  lake  by  the  original  "halt*'  numbers,  correspond  to  the  rock 
numbers  as  follows : 

1318  is  the  locality  for  rock  613.  1231  is  the  locality  for  rock  633. 

1219  "  614. 

1220  ••  615-624. 
1222        •*  626-626. 
1284        "          627. 
1225    .     **          628. 
1326        •*          629. 
1228        •*          630-632. 


Near  centre  of  sec.  34,  T.  67-4,  (as  of  Minn.).  A  little  island 
which  from  the  surprising  character  of  its  geology  I  named  Wonder 
Island.  It  is  northwest  of  a  smaller  island,  and  northeast  of  an  island 
rock. 

Saganaga  syenite.  Rock  614.  Kernels  of  quartz  up  to  half  an 
inch  in  diameter.  Hornblende  greenish-black,  well  isolated.  Feld- 
spar reddish   and  abundant.      The    formation    contains  occasional 
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*'ig.  25.— jtfop  of  the  principal  portion  of  Saganaga  take. 
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dark  roanded  pebbles,  as  before.     This  is  at  the  south  end  of  the 
island. 

North  end  of  Wonder  I.  near  centre  of  sec.  34,  T.  67-4,  (as  of 
Minn.)-  Here  is  a  real  conglomerate.  Well  rounded  pebbles  are 
crowded  together  as  in  the  Ogishke  conglomerate,  and  the  general 
appearance  is  entirely  like  that  of  the  Ogishke.  But  there  is  an  im- 
portant difference.  The  groundmass  of  the  Ogishke  is  fragmental, 
though  often  highly  altered.  That  of  this  conglomerate  is  regular 
syenite.  A  real  conglomerate  of  rounded  pebbles  imbedded  in  a 
groundmass  of  typical  syenite  is  certainly  an  extraordinary  occur- 
rence.  I  have  never  seen  it  before.  I  have  never  read  of  it.  But  if 
the  thing  is  a  fact,probably  this  is  not  the  only  place  where  it  has  been 
observed. 

I  copy  here  the  suggestions  made  to  my  mind,  and  written  down  on 
•  the  spot: — The  inferences  from  the  occurrence  are  important.  A 
'puddingstone  like  this  is  universally  regarded  as  of  fragmental  origin. 
Not  only  that,  but  of  origin  through  aqueous  agency.  The  conglom- 
erates associated  with  eruptive  sheets  on  Keweenaw  Point,  once  sug- 
gested to  be  of  igneous  production,  are  now  regarded  as  due  to  aqueous 
agency.  So,  if  this  conglomerate  is  sedimentary  in  nature,  the  syenite 
groundmass  must,  at  the  time  of  the  deposition  of  the  pebbles,  have 
been  also,  in  a  state  of  semi-fluidity  under  the  influence  of  water. 
It  may  have  been  subjected  simultaneously  to  energetic  thermal  action ; 
bat  it  was  not  in  that  state  of  fluidity  which  accompanies,  and  results 
from,  recent  eruption  as  molten  matter  from  some  deep  source.  This 
view  of  the  origin  of  granitic  rocks,  I  have  heretofore  maintained; 
and  this  remarkable  observation  is  a. gratifying  confirmation  of  the 
correctness  of  the  opinion. 

The  conglomerate  is  seen  on  the  shore  in  two  patches  separated  by 
a  few  feet  of  syenite,  and  with  syenite  on  the  other  two  sides.  These 
patches  emerge  from  beneath  the  water,  and  in  the  space  of  six  feet, 
pass  under  the  soil  of  the  island.  In  one  case,  the  conglomerate  pre- 
sents a  thin  edge  landward,  overlying  syenite,  as  if  it  had  been  a  sheet 
dipping  northward  at  a  low  angle.  But  I  do  not  consider  this  inci- 
dent important;  since  I  imagine  that  beds  of  pebbles  may  have  been 
placed  in  any  position  whatever,  in  the  progress  of  these  movements 
which  brought  water-worn  pebbles  and  real  syenite  in  such  extraor- 
dinary juxtaposition. 

The  following  is  a  general  plan  of  the  phenomenon  : 
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Fig.  iB.— Relations  of  conglomerate  and  syenite  at  Wonder  island,  east 
shore  of  lake  Saganaga. 

Here  are  two  patchea  of  conglomerate,  A  and  B.  The  first  is  aboat 
foor  feet  wide,  and  the  other,  three  feet.  The  separating  syenite  is 
ten  feet — here  shown  reduced.  The  patch  A  graduates  into  the  syen* 
ite  on  botb  sides;  B  is  sharply  limited,  especially  along  the  line  a  b, 
H^«  a  distinct  joint  appears  between  it  and  the  syenite.     From  c  to 
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d  this  patch  may  be  seen  oyerlying  the  syenite,  for  the  thin  edge  is 
broken  away.  Around  the  remainder  of  the  border  of  B,  the  con- 
glomerate  appears  to  terminate  with  a  thin  edge,  but  it  is  so  closely 
anited  with  the  syenite  that  it  is  difficult  to  say  whether  clean  syen- 
ite anderlies,  as  along,  c  d  or  not.  The  appearance  of  6  is  as  if  a 
vertical  section  along  e/ would  present  the  relations  following: 


\V*r£  r        S  U  r  t^  C  A 


Ir      «. 


^  ^8-  27. — Theoretical  vertical  section  of  the  conglomerate^  Jig.  26  along  the 

line  e  fin  the  mass  B. 

These  appearances  may,  however,  be  illusory.     The  lower  limit  of 
*^^  conglomerate  may  not  be  as  abrupt  generally  as  it  appears  when 
'^^  thin  edge  is  broken  away.     Still,  if  it  graduated  downward  into 
»^e  syenite,  some  pebbles  should  exist  to  the  landward  of  the  termi- 
nation at  6,  that  is  along  the  interval  a  b.     But  they  do  not  exist, 
^^ever,  as  before  said,  I  base  no  important  inferences  on  this  ap- 
^^^arance. 

-^  single  pebble  jr,  appears  beyond  the  joint  a  b,  which  separates  the 
*^^ticipal  mass  of  conglomerate  from  the  syenite. 

As  the  diagram  shows,  the  pebbles  are  more  closely  arranged  in  the 

*^^tch  B,  than  in  A.    It  might  at  first  be  supposed  that  B  was  a  bed 

^  lebbles  over  which  the  syenite  had  been  poured  in  a  liquid  state. 

^t  certainly,  the  other  patch  could  not  be  so  conceived.    Here  the 

^^^bles  are  not  supported  by  each  other      Evidently,  they  have  been 

^posited  in  a  paste  dense,  enough  to  prevent  their  falling  together. 

^'^e  epoch  of  the  paste  and  that  of  the  deposition  were  the  same. 

^Oe  conglomerate  and  the  syenite  were  put  in  place  simultaneously. 

^*Xe  syenite  was  not  "erupted"  after  the  conglomerate  existed.     The 

^tiglomerate  was  not  laid  down  on  the  solidified  syenite.    I  have  seen 

^  an  island  in  Qabimichigama  lake,  a  pile  of  angular  fragments  of 
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'^muBCOvado/'  oirer  which  gabbro  had  been  poured  in  astatefliud 
enough  to  permit  it  to  fill  all  the  interstices  among  the  fragments  o 
muscovado.  (Report  1886,  p.  172,)  But  the  pile  of  fragments  wa 
self-supporting.  It  was  like  a  talus  at  the  foot  of  a  cliff  over  whic 
water  had  been  poured,  and  had  congealed  in  all  the  cavities.  Tb 
case  is  entirely  different.  Even  though  the  mass  B  is  more  comp&< 
than  A,  it  will  be  seen  that  it,  even,  could  not  have  been  originall]^ 
self-supporting  mass  of  pebbles. 

The  pebbles  are  quite  uniform  in  litholc^cal  aspect.  They  are  vm 
formly  dark  colored,  and  in  a  rough  way,  would  be  called  greenstone 
I  have  endeavored,  however,  to  make  some  field  discriminations,  wi 
the  following  result : 

Rock  615.    Lamellar  augite,  in  coarse  agglomerations. 

Rock  616.  Lamellar  augite  in  fine  agglomerations,  with  a  mini, 
quantity  of  light  feldspar  disseminated  in  strings  and  grains. 

Rock  617.     Lamellar  augite  with  conspicuous  grains  of  feldspar. 

Rock  618.     Augite,  feldspar  and  epidote. 

Rock  619.     A  lamellar  mineral,  soft  as  talc  or  chlorite. 

Rock  620.     Pale  green  augite  inclosing  lamellar  augite. 

Rock  621.    Augite  hyposyenite. 

Rock  622.     Qreenish,  transparent  augite  in  slender  prisms. 

Rock  623.     Lamellar  augite  like  615,  but  of  a  pale  green  color. 

Rock  624.     Saganaga  syenite  inclosing  above  pebbles. 

A  majority  of  the  pebbles  are  like  615,  616  and  617.    There  is 
syenite,  no  quartzyte,  no  jasper,  no  sedimentary  fragment.  In  one 
stance,  I  saw  two  or  three  large  grains  of  quartz  imbedded  in  a  la.: 
pebble  of  617. 

This  differs,  therefore,  from  the  Ogishke  conglomerate  both  in  ^ 
mineral  character  of  the  pebbles  and  the  nature  of  the  groudmass. 

This  is  the  only  locality  at  which  I  have  observed  pebbles  of  fe- 
nature  or  any  other,  in  such  abundance  in  a  matrix  of  syenite.     Sc; 
tered  pebbles  seen  heretofore  in  the  syenite  of  this  lake,   but  m. 
especially  in  that  of  Seagull  lake  (as  will  be  shown)  are  of  a  sim  J 
nature  to  these,  and  in  my  opinion  have  had  a  similar  origin  and  s  J 
ilar  history.    However,  in  the  E.  i  of  sec.  7,  T.  65-5,  near  the  nor" 
western  shore  of  Seagull  lake  a  conglomerate  has  been  reported  to 
by  Mr.  Frank  Stacy  as  the  Ogishke  conglomerate;  but  it  seems  naa 
probably  of  the  nature  of  the  conglomerate  on  Wonder  island.    ^3 
region  referred  to  by  Mr.  Stacy  is  within  the  limits'  of  the  mas^ 
Saganaga  syenite. 

I  visited  sundry  other  islands  in  the  vicinity  of  Wonder  island,  * 
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found  no  more  conglomerate.    Single  black  pebbles,  however,  are  of 
frequent  occurrence. 

Proceeded  to  follow  up  the  east  shore  of  Saganaga  lake,  but  after 
paddling  two  or  tthree  utiles  found  ourselves  at  the  head  of  a  deep  nar- 
row bay.  Returning  from  this  we  entered  another  deep  sinuous  bay 
reaching  nearly  as  far  north.  From  the  head  of  this  we  returned 
nearly  to  Wonder  island,  and  at  length  struck  into  a  channel  which 
proved  to  be  the  main  passage  to  the  north  shore. 

Sec.  27,  T.  67-4,  as  of  Minnesota.     Main  land  east  side.     Saganaga 
syanile.    The  syenite  is  continuous  along  this  shore. 

N'orthem  part  of  sec.  22,  T.  67-4,  as  of  Minn.     Saganaga  syenite 
(825>.    A  few  pebbles.     A  dyke  of  another  syenite  (626)  three  feet 
'^ide,  striking  N.  40  ^W.  and  dipping  N.  80^,  contains  much  hornblende 
-^^d  little  quartz. 

Tixe  formation  contains  numerous  rather  angular  pieces  of  dark 
^ock  which  proves  to  be  simply  another  syenite  similar  to  that  of  the 
dike.  The  subject  could  not  be  investigated  on  the  spot  sufficiently 
^^  determine  whether  they  are  wholly  identical  with  the  dike-syenite. 
^  heir  identification  would  create  a  problem  of  some  difficulty^  and  the 
Pi*esumption  is  that  the  two  syenites  are  not  identical. 

Sec. 21,  T.  67-4,  as  of  Minn.;  near  head  of  second  winding  bay. 
^^^anaga  syenite  unchanged. 

Sec.  20,  T.  67-4,  as  of  Minn.     Saganaga  syenite  (627).    The  feld- 
spar is  mostly  light  colored.     Contains  some  pebbles  of  diabase. 

South  part  of  sec.  20,  T.  67-4,  as  of  Minn.  Rock  very  unhomoge- 
^^ous.  The  greater  part  is  a  dark  chlorite-hornblende,  mostly  with 
^'^^all  grains  of  red  feldspar  disseminated  through  it  (628)  Much  how- 
^^er,  consists  of  red  feldspar  disposed  in  irregular  strings,  bands  and 
^^in .like  forms  A  good  deal  of  epidote  also,  is  gathered  in  the  fis- 
^^fes.  The  rock  presents  a  very  ragged  exterior,  and  easily  chips  to 
Pieces. 

A  few  rods  further  north.     A  ragged-weathering  syenite,  entirely 
"Afferent  from  the  Saganaga  variety.     Composed  largely  of  brilliant 
^^^ck  hornblende  with  some  feldspar  disseminated  through  it,  and  oc- 
"^^ional  grains  of  quartz. 
Rock  629.     Black  syenite. 

Sec.  20,  T.  '67-4,  as  of  Minn.,  Saganaga  syenite.     Near  the  last 
Saganaga  syenite,  with  dikes  and  irregular  prolongations  of  diabase 
^^30),  having  shining,  slender  rods  of  hornblende  and  a  little  feldspar, 
"hig  syenite  weathers  very  rough. 
Bock  631.     Thin  lamellar  augite  resembling  the  pebbles  615. 
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Rock  632.  Red  feldspar  and  chloritic  hornblende,  like  628.  Near 
the  last,  centre  of  sec.  20«  T.  67-4,  as  of  Minn.  This  is  a  mixtare 
similar  to  that  of  rock  628. 

Centre  of  sec.  20,  T.  67-49  as  of  Minn.  Saganaga  syenite  and  dia* 
base,  like  rocks  630-82. 

S.  W.  i,  sec.  17,  T.  67-4,  as  of  Minnesota.  Island.  Mostly  Sag- 
anaga syenite;  bat  some  of  the  formation  is  a  micaceous  gneiss  (633), 
with  mineral  arranged  in  parallel  beds.  First  mica  seen  on  thi» 
lake. 

Sec.  17,  T.  67-4,  as  of  Minn.  Point  of  cape.  Saganaga  syenite* 
Breaks  into  huge  cuboidal  fragments. 

Sec.  8.  T.  67-4,  as  of  Minn.     Saganaga  syenite. 

Main-land  of  extreme  north  shore.  Supposed  near  the  northern 
line  of  T.  67-4.  To  the  east  of  this  a  broad  bay  extends  half  a  mile 
farther  north.  Here  is  a  hill  attaining  an  elevation  of  about  two 
hundred  feet.  A  range  somewhat  continuous  extends  east  and  west 
for  four  or  five  miles,  having  an  aspect  different  from  that  of  the  isol- 
ated domes  of  the  syenite,  and  differing  also,  in  its  dark  color  when 
seen  from  a  distance.  At  this  point  it  is  a  dark,  semi-slaty  rock. 
^  Climbing  to  the  summit  which  is  here  about  200  hundred  feet  above 
the  lake,  the  slatiness  is  in  places  quite  marked,  though  tending  to 
split  in  coarse  fibrous  forms,  and  not  altogether  in  laminae  or  sheets. 
It  has  marked  cleavage  in  planes  mostly  S.  S.  W.  at  an  angle  of  75\ 
and  hence  approximately  at  right  angles  with  the  bedding,  the  dip  of 
which  is  N.  N.  E      It  is  intersected  by  veins  of  quartz. 

Rock  634.     Showing  the  slatiness. 

Rock  635.    More  solid  portions. 

Rock  636.     Showing  the  cleavage. 

Rock  637.     Showing  warped^  parallel  lamination. 

Rock  638.     Quartz  from  a  vein. 

From  this  summit  I  see  a  range  of  hills  about  fifteen  mibs  distant^ 
following  the  horizon  from  a  point  S.  30°  W.  to  a  point  S  10°  B. — 
and  less  elevated,  to  a  point  S.  SO''  E.  This  is  probably  the  "Giant's 
Range"  showing  the  culmination  of  the  syenitic  mass  separating  the- 
Eewatin  slates  of  the  north  from  the  Kewatin  and  Animike  slates  of 
Gunflint  lake. 

An  island  in  about  sec.  6,  T.  67-4,  lying  less  than  a  quarter  of  a  mile 
from  the  north  main  shore.  This  island  is  mostly  syenite;  but  here,, 
near  the  western  end  it  is  syenite  mixed  with  chlorite  syenite  (689). 

Another  but  smaller  island  southwest  of  the  last  judged  to  be  with- 
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in  the  same  sec.  6,  and  lying  but  an  eighth  of  a  mile  from  the  slaty 
main  land.     This  is  ordinary  syenite. 

A  little  further  southwest  a  promontory  half  a  mile  long  projects 
into  the  lake«  and  the  main  mass  of  this  is  syenite.  But  the  main 
land  continues  slaty. 

A  small  island  supposed  to  lie  in  the  western  part  of  sec.  12,  T.  67-5, 
as  of  Minnesota.  This  is  good  Saganaga  syenite,  with  rude  horizon- 
tal bedding,  like  some  of  the  syenite  seen  on  Basswood  lalip  and  else- 
where.    (Compare  Halts  440,  443,  p.  99,  Report,  1886.) 

< 

Supposed  to  be  in  sec.  11,  T.  67-5,  as  of  Minnesota.  About  a  mile 
farther  southwest.  Slate  continues,  hairing  about  the  same  characters 
and  same  dip  as  described  at  the  north  extremity  of  the  lake.  It  is 
intersected  here  by  a  dike  of  diabase  and  a  vein  of  quartz. 

There  is  good  reason  to  believe  that  the  same  argillitic  slate  con- 
tinues along  the  west  shore  of  Saganaga  lake  as  far  as  the  national 
boundary  where  my  oblervations  began.  The  north  and  northwest 
shores  mark  the  division  line  between  the  syenite  on  the  south  and 
the  earthy  schists  on  the  north.  I  did  not  discover  the  existence  of 
the  usually  intervening  crystalline  schists,  but  as  the  belt  of  these  is 
in  other  parts  of  the  region  somewhat  narrow,  it  cannot  be  affirmed 
that  the  earthy  schists  occur  in  immediate  contact  with  the  syenite. 
The  chlorite  syenite  and  chlorite  gneiss  seen  at  several  points  hold  the 
usual  intervening  position.  The  micaceous  gneiss  seen  on  the  island 
in  sec.  17,  lies  very  probably  in  the  vicinity  of  mica — or  hornblende 
schist.  It  is  just  as  likely,  however,  to  be  a  detached  mass,  since 
the  ordinary  Saganaga  syenite  lies  between  it  and  the  north  shore 
slates. 

Thinking  the  north  shore  had  been  examined  as  far  as  my  time 
would  permit,  I  determined  to  strike  directly  across  Saganaga  lake  for 
Saganaga  falls,  out  of  Granite  lake.  In  passing  among  the  labyrinth 
of  islands  in  the  southern  part  of  the  lake,  I  found  to  my  annoyance 
several  erroneous  records  of  the  land  surveyors.  For  instance  the 
blazes  on  the  trees  between  sees.  31  and  32  r6ad  32  and  33  in  several 
places.  But  the  meander  corners  between  sees.  29  and  32  set  things 
right.  It  is  worthy  of  note  that  after  traveling  so  sinuous  a  course 
from  Wonder  Island,  without  sight  of  a  known  landmark,  with  dis- 
tances all  estimated  by  the  eye,  and  directions  determined  by  a  good 
pocket  compass,  the  course  ended  at  a  point  but  little  more  than  a 
mile  distant  from  the  calculated  position. 

Island  20  rods  north  of  most  northerly  angle  of  Big  island  platted  on 
29 
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T.  67-4,  Minn.  Saganaga  syenite  and  biotiie  gneiss  (040) — the  former 
prevailing. 

Land  on  east  of  north  side  of  Big  island.  Sec.  33,  T.  67-4.  The 
formation  is  mostly  syenite,  as  on  the  contiguoas  island;  bat  for  the 
space  of  a  quarter  of  a  mile  occurs  the  formation  which  I  hare  record- 
ed as  "mixed."  It  is  mostly  a  chlorite-augitic  groundmaas  with  a 
small  quantity  of  light  feldspar  and  a  greenish' mineral  disseminated; 
dn  many  i^Iaces  minute  specks  of  a  red  feldspar,  and  some  veins  of  this. 
Hock  tough,  seamed,  not  hard. 

Rock  641.     Chlorite-angitic  rock. 

East  extremity  of  island  southeast  of  Big  island.  Sec.  33,  T.  67-4. 
Tery  ragged-weathering  formation,  consisting  mostly  of  lamellar  au- 
^ite  like  615,  with  grains  of  red  feldspar  sparsely  disseminated,  and 
numerous  nodules  from  an  inch  to  three  inches  in  diameter  of  syenite 
^composed  of  white  feldspar,  transparent  granules  of  quartz  and  jet 
black  crystals  of  hornblende.  This,  apparently,  U  the  rock  which  has 
yielded  pebbles  to  the  prevailing  syenite 

Rock  642.    Mostly  lamellar  augite  in  coarse  agglomerations. 

Near  extreme  point  of  same  island,  a  few  rods  east  of  the  last.  A  dike 
of  white  weathering  feldspar  with  disseminated  grains  of  quartz. 
Three  feet  wide,  vertical.  The  feldspar  is  livid  pinkish,  not  striated. 
This  intersects  a  formation  substantially  like  that  described  in  con* 
nection  with  rock  642,  but  the  disseminated  red  feldspar  is  in  coarser 
grains. 

Rock  643.     Feldspar  and  quartz  from  dike. 

Rock  614.     Formation  containing  the  dike  643. 

Farther  along  and  at  the  extreme  point,  the  syenite  is  seen  alterna* 
.ting  and  mixed  with,  the  augiticrock. 

§9.— GRANITE  LAKE. 

Granite  lake,  so-called,  undoubtedly  from  the  high  conspicuous  and 
•rugged  hills  which  environ  it,  lies  in  the  midst  of  the  Giant's  range, 
and  presents  a  physical  aspect  even  more  forbidding  than  Saganaga. 
The  hills  are  not  lofty,  rising  only  fifty  to  one  hundred  feet  above  the 
lake;  but  they  are  mostly  bare,  with  a  massive,  sterile  expression  as  if 
the  world  had  bat  recently  been  finished  and  vegetation  had  not  yet 
taken  root.     But  they  bear  nevertheless  the  evidences  of  vast  denuda- 
tion and  reflection. presents  them  to  us  as  relics  of  a  remote  antiquity. 
The  entire  township  in  which  the  lake  rests  is  a  surface  of  rolling  hills 
and  domes  with  narrow  marshes  or  clear  lakelets  between.     It  is  dis* 
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taut  only  about  two  miles  east  from  the  eastern  long  arm  of  Saganaga; 
•and  Gnll  lake  extends  its  head  to  within  two  miles  of  the  principal 
•bay  of  Granite  lake.  This  lake  lies  wholly  in  township  66  of  range  4 
^est,  having  a  length  of  little  more  than  six  miles.  Its  average  width 
4s  about  three  fourths  of  a  mile,  but  in  places  it  widens  on  the  Cana- 
•dian  side  to  about  two  miles,  and  south  of  this,  narrows  to  a  simple 
stream  interrupted  by  numerous  rapids  which  will  be  described.  In 
^he  midst  of  a  long  series  of  rapids  leading  out  of  Pine  lake  is  a  small 
expansion  a  third  of  a  mile  long  which  is  named  Basin  lake.  These 
features  will  be  more  particularly  described. 

From  Saganaga  lake  the  lower  or  Saganaga  falls  are  passed  by  a 
,    «hort  portage  on  the  west  side. 

Portage  at  the  upper,  or  Ghranite  lake  falls,  S.  E.  i,  sec.  4,  T.  66-4. 
The  portage  is  on  the  east  side  of  the  stream  and  about  28  rods  in 
4eng^h«  Parts  of  it  are  quite  difficult,  in  consequence  of  rocky  slopes. 
The  landing  and  embarkation  are  also  difficult.  The  rock  is  regular 
Saganaga  syenite. 

N.  £.  i,  N.  E.  i,  sec.  16,  T.  66-4.     Saganaga  syenite,  with  quartz 
individuals  a  quarter  of  an  inch  in  diameter.    The  western  shore  of 
the  lake  to  here  is  quite  direct  and  trends  south.     Syenite  presents  it- 
self almost  uninterruptedly.     A  few  poplars  and  Jack  pines  are  seen, 
/  and,  on  the  low  ground  at  this  point,  tamaracks  and  birch. 

S.  E.  i,  S.  E.  i,  sec.  16,  T.  66-4.    Saganaga  syenite  continuously. 
S.  E.  i,  S.  E.  i,  sec.   16,  T.  66  4.     'Saganaga  syenite  in  a  much 
shattered  bluff.     The  syenite  along  the  shore  weathers  pale  red. 

S.  £.  \,  S.  E.  i,  sec  21,  T.  66-4.  Saganaga  syenite.  Occasional 
greenstone  pebbles.  The  country  becomes  diversified  with  high 
rounded  hills  from  fifty  to  one  hundred  and  fifty  feet  in  altitude 
I      above  the  lake. 

N.  E  i,  N.  E.  i,  sec.  28,  T.  66-4.     Saganaga  syenite. 
S  E.  i,  N.  E.  i,  sec.  28,  T.  66-4.     A  massive  exposure  of  Saganaga 
I     syenite. 
I        Near  centra  of  sec.  27,  T.  66-4.    Saganaga  syenite;  rock  645. 

The  stream  connecting  the  two  portions  of  Granite  lake  is  a  broad, 
4eep  river,  widening  in  the  middle.  By  an  abrupt  bend  in  the  stream 
the  current  sets  south.  The  shores  are  lined  with  massive  syenite 
containing  coarse  quartz. 

S.  E.  i,  S.  E.  i,  sec.  22,  T.  66-4.  Near  outlet  of  southern  section 
<>f  Granite  lake.     Saganaga  syenite. 

A  fragment  of  slate  lies  on  the  shore  which  is  identical  with  that 
iiorth  of  Saganaga. 
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The  syenite  in  this  region  is  but  very  faintly  red. 

The  surveyor's  plat  becomes  again  very  treacherous.  This  lobe  of 
Granite  lake  is  represented  as  having  a  broad  southern  portion;  and 
no  rapids  are  laid  down  until  we  reach  the  southern  extremity,  in  the 
northern  part  of  sec.  36.  Now,  as  a  fact,  the  Canadian  shore  ap* 
proaches  the  American  in  the  southern  part  of  sec.  26,  and  here  are 
rapids  an  eighth  of  a  mile  long,  flowing  north.  There  we  navigate. 
A  distinct  current  flows  also  through  the  narrows  on  the  line  be- 
tween sees.  23  and  26.  Beyond,  or  south  of»  the  rapids,  we  come 
into  a  broad  stream,  with  a  quite  perceptible  current,  widening  to  an 
eighth  of  a  mile;  and  in  the  midst  of  this  we  discover  a  meander  stake 
to  help  us  out.  We  examine  one  bearing  tree  and  cannot  make  oat 
whether  it  is  35  or  36.  Very  well,  the  other  tree  should  decide.  Alas, 
the  other  reads  25  or  26,  and  no  one  can  tell  which — such  is  the  fidel- 
ity of  the  government  surveyors.  After  studying  the  hieroglyphica 
of  the  first  tree  again  and  again,  I  conclude  they  read  35.  Then  those 
on  the  north  tree  must  stand  for  26.  But  the  line  between  36  and  25- 
is  platted  as  passing  along  rapids — though  east  and  west  rapids.  The 
configuration  of  the  shores  shows  it  impossible  that  we  have  reached 
these  rapids.  There  are  then  long  rapids  not  platted  and  in  a  place 
where  the  Canadian  shore  is  represented  two-thirds  of  a  mile  distant,  i 
Such  facts,  while  they  are  not  geology  are  some  of  the  geologist's  ex-^^ 
periences. 

S.  W.  i,  S.  E.  ij  sec.  26,  T.  66-4.  Near  meander  stake.  Saganaga 
syenite. 

N.  W.  i,  N.  E.  i,  sec.  35,  T.  66-4.  At  rapids  which  also,  are  not 
on  the  plat — which  shows  Canadian  shore  half  a  mile  distant.  Saga* 
naga  syenite.     Quartz  exceedingly  coarse. 

These  rapids  are  in  two  sections,  altogether  a  quarter  of  a  mile* 
The  canoes  were  pulled  up  with  considerable  efi*ort. 

Rapids  S.  E  i,  N.  E  i,  sec.  35,  T.  66-4.  These  rapids  also  are  not 
on  the  plat  and  they  require  to  be  portaged,  though  in  going  downf 
stream,  they  may  be  ''shot"  in  an  empty  canoe.  The  postage  Heft- 
south  of  the  rapids  and  crosses  a  point  of  land.  It  ends  on  a  little* 
lake,  which  from  its  form  I  named  Basin  lake.  The  syenite  is  the 
regular  Saganaga  variety  which  prevails  throughout  this  region.  The^ 
syenite  generally  about  here,  weathers  white. 

Basin  lake  is  half  a  mile  long  and  a  quarter  of  a  mile  broad  \ying' 
in  the  N.  W.  i,  sec.  36,  T.  66-4.  At  the  end  of  this  are  other  rapidi^ 
not  on  the  plat.  These  appear  to  be  the  lower  of  a  series  of  foiur 
rapids— the  others  platted— which  occur  in  a  northward  bow  of  th^ 
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stream.  We  manage  to  flank  all  these.  From  a  little  bay  at  the 
Southeast  corner  of  Basin  lake  we  pursue  an  indistinct  trail  southeast- 
ward] and  along  a  di£Bcult  route,  shunting  a  big  syenite  hill  on  the 
right,  and  in  about  a  quarter  of  a  mile,  reach  a  little  lily-bearing  bay 
opening  southeastward ly  into  a  small  lake  in  the  southeast  part  of 
sec.  86,  which  proves  to  be  the  northern  extremity  of  Pine  lake.  So 
we  escape  four  portages,  but  lose  fully  a  mile  of  coast  line. 

§  10. — PINE   LAKE. 

Pine  lake  lies  in  the  southeastern  part  of  T.  66-4,  W.  and  the  north- 
eastern part  of  T.  65-4,  W.  Its  length  is  about  two  and  a  half  miles, 
"^  with  an  average  width  of  a  third  of  a  mile,  with  narrows  and  rapids 
4it  about  mid-length.  Its  entire  shores  are  bound  by  massive  syenite 
not  icreatly  elevated  above  lake  level.  The  vegetation  possesses  no 
importance. 

N.  E.  i,  S.  W.  1,  sec.  36,  T.  66-4.  TwinBay  portage  from  Pine 
lake  to  Granite.  High  cliffs  of  the  Saganaga  syenite  (646).  Most  of 
ihe  feldspar  is  white,  but  some  is  p&le  pink.  Generally,  it  is  not  well 
isolated.    There  are  greenstone  pebbles  in. the  syenite. 

The  high  hill  south  of  this  portage  and  crowding  upon  it  was  as- 
L  ..cendedy  on  a  second  visit.  I  found  the  usual  east-west  structure. 
If  The  quartz  individuals,  however,  were  not  generally  elongated. 

N.  W.  i,  N.  E.  i,  sec.  1,  T.  65-4.  Near  foot  of  narrows  and  rapids 
of  Pine  lake.  The  Saganaga  syenite  has  here  a  joiutage  structure 
running  east  and  west,  and  it  seems  to  be  dependent  on  a  system  of 
foliation.  This  jointage,  then,  is  conformable  with  the  prevailing 
bedding  system  of  the  schists  of  the  country. 

N.  W,  i,  N.  E.  i,  sec.  1,  T.  65-4.     Near  the  rapids,  on  the  upper  or 
southerly  side      Saganaga  syenite  (647) — the  quartz  coarse  and  con- 
spicuous— the  feldspar  a  groundmass. 
These  rapids  are  not  on  the  plat,  and  it  is  difiScult  to  ford  them. 
About  half  a  mile  from  the  southwestern  extremity  of  Pine  lake, 
the  sound  of  a  roaring  rapid  is  heard;  and  here  the  Boundary  river 
tomes  in  from  the  east.     The  portage  out  of  Pine  lake  is  about  an 
^hth  of  mile  south  of  the  stream,  and  leads  in  the  space  of  a  third 
of  a  mile  to  the  southern  extremity  of  a  bend  in  the  river. 

§  11. — BOUNDARY  RIVER. 

The  entire  chain  of  small  lakes  and  connecting  streams  lying  along 
^le  international  boundary  may  be  viewed  as  simply  a  stream  serv* 


230 


8IXTEBNTH  AlfKUAL  BBPOBT 


iDg  for  drainage  of  the  region;  but  on  the  nearly  horizontal  general 
surface  expanding  at  frequent  intervals,  to  fill  the  basin-shaped  de- 
pressions which  dot  the  surface  of  the  crystalline  and  schistic  rocks* 
There  are  two  of  these  rivers.  One  flows  eastward  and  southeastward 
into  lake  Superior;  and  the  other  flows  westward  and  northwestward 
into  Rainy  lake.  The  dividing  ridge  between  the  headwaters  of 
these  two  streams  lies  between  North  and  South  lakes  at  an  elevation, 
of  1,097  feet  above  lake  Superior,  as  barometrically  determined  by  Prof. 
N.  H.  Winchell.*  It  is  the  westerly  stream  which  I  have  desig- 
nated the  Boundary  river.  The  other  is  the  Pigeon  river.  The  inter- 
national boundary  does  not  in  all  cases  correspond  with  the  position 
of  these  rivers.  It  follows,  in  accordance  with  treaty,  the  usually^ 
traveled  canoe  route,  and  this  makes  several  short  cuts. 

The  length  of  the  Boundary  river  from  Gunflint  lake  to  Pine  lake^ 
is  less  than  three  miles  by  its  windings,  and  in  a  straight  line  it  is  not 
over  two;  but  its  course  is  zigzag  and  the  stream  is  interrupted  by 
half  a  dozen  rapids.  It  flows  through  the  most  desolate  and  rugged 
portion  of  the  Giant's  Range.  Bald  syenitic  summits  rise  fifty  to  one 
hundred  feet  above  the  stream,  and  in  many  regions  the  surface  ia 
studded  with  the  blackened  erect  trunks  of  the  recently  burned  Jack 
pine  forest.  Frost  has  broken  down  the  ancient  precipices,  and  the 
ruin  of  the  mountains  contributes  its  weird  efiect  to  the  impression 
made  by  the  ruin  of  the  forest. 

N.  E.  i,  N.  W.  i,  sec.  12.  T.  65-4.  Disappearance  of  Boundary 
river.     This  point  is  shown  in  figure  28. 


Fig.  28. — Map  of  Boundary  River  showing  point   of  Disappearance^ 


*  Ninth  Annnal  Beport,  Minn.  Sur.  p.  8). 
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Fig.  39, — Bowlder-filled  ancient  channel  of  Boundary  riter. 

At  the  place  iudicated  a  singijlar  accamulatioD  of  bowlders  is  aeeo- 
L  fig.  39)  rising  apparent];  in  a  cobble  stone  wall  to  a  bigbt  of  aboat- 
fteen  feet  above  the  water. 

This  is  the  appearance  as  seen  in  perspective  at  the  distance  of  abont 
jmAre  rods  toward  the  south.  On  approaching  nearer  the  surface  ez- 
pmi  to  view  is  seen  to  be  not  a  wall  but  a  slope  of  about  20°,  and  the- 
HrioDB  effect  is  discovered  to  be  simply  that  of  a  mass  of  bowlders  £11- 
Bf  what  is  probably  an  ancient  bed  of  the  stream.  The  bowlders  are 
laite  uniformly  about  ten  inches  in  diameter.  The  right  and  left  bor- 
Ins  of  the  bowlder-filled  bed  are  abruptly  limited  by  vegetable  growths, 
od  a  well  developed  forest  enrrounds.  The  farther  limit  is  also  sharply 
etennined  by  a  fringe  of  sedges  and  a  forest  covering,  as  shown  in 
gure  29.  Standing  water  approaches  the  foot  of  this  slope,  but  no- 
nrrent  whatever  sets  toward  this  old  channel. 

On  the  contrary,  a  channel,  B.,  filled  with  bowlders  through  which- 
le  stream  actnally  flows  goes  out  toward  the  northeast.  The  water 
ire  entirely  disappears,  I  obtained  good  photographs  of  both  chan- 
tls. 

I  imagine  that  this  istheplaceof  theoldpreglacial  channel,  and  that 
irongb  the  agency  which  transported  the  bowlders,  it  became  filled. 
magine  that  for  ages,  the  spaces  between  the  bowlHers  remained 
fficieotly  open  for  the  water  to  flow  through.  By  degrees,  however, 
coranlating  debris  choked  the  spaces,  and  a  soil  formed  at  the  top, 
lieh  became  overgrown  with  the  forest.  The  mass  of  bowlders  now 
en  is  what  remains  uncovered  by  the  soil.  Vegetation  has  encroach- 

npon  it  from  the  sides,  as  fast  as  the  soil  eould  find  resting  place.- 
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Hence  the  sharp  lateral  limits  oi  the  bowlder-filled  space,  as  indicated 
at  the  surface.  On  each  side  where  the  forest  stood  before  the  bnru- 
ingy  the  bowlders  are  seen  to  be  exceedingly  numerous  whererer  the 
soil  is  removed;  and  hence  I  infer  that  the  ancient  channel  was  broad- 
er  than  the  space  now  remaining  uncovered  by  a  soil. 

The  channel  B  must  have  been  filled  in  a  similar  way;  and  this  also 
must  have  been  preglacial.  Supposing  the  two  channels  contempora- 
neous, it  was  an  island  which  lay  between  them.  The  existence  of 
alternate  channels  rendered  it  easier  for  the  first  to  become  choked; 
since,  as  soon  as  a  hindrance  was  experienced  by  the  water  passing 
through  it,  the  other  may  have  remained  available  for  the  passage  of 
an  enlarged  flow. 

It  appears  inevitable,  however,  that  the  second  channel  should  in 
time  become  choked;  and  then,  as  no  alternative  channel  remains,  the 
stream  will  flow  over  the  surface  of  the  bowlders  in  channel  B.  In 
fact,  the  absence  of  soil  over  that  surface  indicates  that  already,  at 
times  of  flood,  a  portion  of  the  water  is  carried  off  by  a  surface  flow. 

N.  W.  i,  N.  W.  i  sec.  12,  T.  65-4.  East  end  of  portage  from  Pine 
lake.  Saganaga  syenite  (648)  in  full  character.  Much  of  the  feldspar 
is  pale  red,  and  forms  a  crystalline  mass  in  which  the  hornblende  and 
quartz  are  imbedded.  Some  of  the  hornblende  is  partially  chloritised, 
and  crumbles  under  the  finger  nail. 

Blueberry  cascade  and  Portage,  N.  E.  i,  S.  W.  i  sec.  12,  T.  65-4. 
Here  is  a  small  U-shaped  bend  in  the  river,  opening  south-southwest, 
and  a  portage  of  20  rods  passes  across  the  opening.  Here  a  long  cas- 
cade comes  roaring  and  foaming  tumultuously  down  over  the  straargling 
fragments  of  the  shattered  contiguous  syenitic  slopes.  Of  this  I  ob* 
tained  a  good  photographic  view.  The  ruined  hillslopes  appear  in 
-every  direction,  and  the  black  trunks  of  the  sparse  dead  forest  stand 
bristling  along  the  hill-crests  and  lie  in  impassable  tangles  across  the 
stream.    I  obtained  also  a  good  view  of  one  of  these  shattered  slopes. 

Sterile  as  the  region  seems,  it  sustains  an  amazing  growth  of  blae- 
berries. One  single  stem  bore  hundreds  of  large  and  savory  berries, 
and  of  this  I  also  prepared  a  photograph.  This  crop  appeared  to  be 
in  full  maturity  when  we  camped  here  on  the  seventeenth  of  August; 
but  it  was  apparently  undiminished  and  unimpaired  when  we  returned 
.ou  the  eighth  of  September. 

Immediately  above  this  bend  in  the  river  we  encounter  other  rapids. 
These  we  ascend  with  difiSculty.  Syenite  lines  all  the  shores.  Now 
follows  a  quiet  lake-like  stretch  of  three-fourths  of  a  mile,  and  then 
f\e  come  to  falls. 
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N.  B.  i,  N.  B.  i,  sec.  18,  T.  65-4.  Ganflint  falls,  upper  (south)  end 
of  j|K>rtage.  The  falls  are  wide  and  quite  precipitous.  The  portage 
litf  on  the  east  side.  Took  a  photographic  view.  The  formation  is 
Stganaga  syenite.  The  dark  mineral  however,  is  arranged  in  courses, 
and  the  rock  is  truly  gneissic  (649).  The  hornblende  too,  is  a  little 
chloritized.  The  quartz  grains  are  large  but  not  enormous.  The 
strike  of  the  gneissic  structure  at  this  place  is  N.  80°  E.  The  strike 
of  the  Eewatin  slates  where  seen  at  sec.  22,  65-3,  (as  of  Minn.),  is 
N.  72**  B. 

The  syenite  here  is  intersected  by  a  dike  of  rather  peculiar  diabase 
(tSS)  crossing  the  strike. 

A  few  rods  further  up  the  stream  other  rapids  intercept  our  course, 
but  with  labor  and  risks  we  pole  the  canoes  past  them.  And 
now  the  stream  gradually  widens  into  the  northern  arm  of  Gunflint 
lake. 

§  12. — GUNFLINT  LAKE. 

Ganflint  lake  lies  on  the  international  boundary.  The  Americait 
shores  are  included  chiefly  in  township  65-3,  west;  but  they  stretch 
eastward  into  T.  65-2,  and  westward  into  T.  65-4.  Its  extreme  length 
it  nearly  eight  miles,  with  a  mean  width  of  about  a  mile.  Its  longer 
ixis  is  nearly  east  and  west.  North  of  the  western  end  is  a  consider' 
able  expansion,  connected  with  the  main  lake  through  the  "narrows,'' 
which  furnish  an  exit  northward  for  the  drainage.  This  expansion 
extends  east  and  west  into  two  bays  the  eastern  one  of  which  I  have 
aimed  for  reason.  Black  Fly  bay.  The  width  of  the  expansion  here 
iio?er  a  mile  and  a  half.  The  distance  from  Gunflint  falls  southward 
to  the  Narrows  is  one  mile. 

The  land  on  the  Canadian  side  not  having  been  mapped  nor  the 
shore  line  meandered,  I  have  referred  Canadian  localities  to  their 
plaees  in  the  United  States  survey,  as  if  extended  beyond  the  national 
boundary.  I  have  also  laid  down  as  nearly  as  they  could  be  estimated, 
the  meander  lines  of  the  Canadian  shore.  Relative  positions  of  prin- 
cipal points  have  been  ascertained  by  taking  bearings  with  a  good 
pocket  compass.  These  methods,  of  course  are  rough  and  unsatisfac- 
^17;  but  one  on  the  spot  can  certainly  form  a  conception  of  the 
tttuation  more  correctly  than  the  reader  who  has  not  been  there  and 
has  no  maps  to  assist  him.  With  such  approximation  I  have  pre- 
sented here  a  map  of  Black  Fly  bay,  a  map  of  Animike  bay  on  the 
extreme  west,  south  of  the  Narrows,  and  a  map  of  that  portion  of  the 
body  of  Gunflint  lake  which  is  geologically  of.  greatest  interest. 
30 
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The  physiographic  enyironment  of  Ganflint  lake  is  wild  and  piet 
esque.  It  lies  in  a  rugged  Talley  between  the  Giant's  Range  on 
north  and  the  Mesabi  Range  on  the  south.  The  former  stretches  w 
ward  to  Seagull  and  West  Seagull  lakes  and  eastward  with  a  tende 
tiorthward,  far  into  the  interior  on  the  Canadian  side.  This  is  s 
lying  in  the  southern  horizon  from  the  high  elevations  north  of  S 
anaga  lake.  The  Mesabi  Range  extends  equally  far  toward  the 
and  west;  but  its  main  mass  lies  nearer  the  lake  than  that  of 
<}iant's  Range.  The  sky-line  of  the  Giant's  Range  is  undulating 
soft;  that  of  the  Mesahi,  notched,  jagged  and  j)recipitous.  As 
enter  the  body  of  the  lake  through  the  Narrows,  one  of  the  c 
crowned  ridges  of  the  Mesabi  Range  lies  in  front.  This  fades  « 
ward  into  a  high  pass  and  this  is  bounded  by  a  Tertical  wall  on 
east,  above  which  rises  the  massive  continuation  of  the  Range,  crei 
characteristically  by  a  coluniniform  precipice.  This  Range,  preci 
ous  on  the  north,  slopes  gradually  to  Loon  lake,  a  mile  distant  soi 
ward.  Five  miles  from  the  western  extremity  of  the  lake  app< 
another  pass  over  which  lies  the  portage  to  Loon  lake  and  southwi 
The  lake  terminates  eastward  in  a  broad  valley  furnishing  exit 
Gunflint  river  to  North  lake.  On  the  north  of  Gunflint  lake  strc 
massive  ridges  of  earthy  end  crystalline  schists,  trending  diagon 
east- north  east.  Behind  these  rise  the  higher  ranges  of  gneisses 
syenite. 

The  entire  surface  on  the  Minnesota  side  has  been  burned  over,  ? 

the  exception  of  limited  areas.     A  memorandum  on  the  survey 

plat  states  that  the  burning  occurred  in  1860.      Subsequently 

trembling  aspen  and  to  a  less  extent  the  white  birch,  have  taken  { 

session  of  the  soil-covered  areas,  especially  along  the  lake  shoi 

Seen  from  the  lake  the  surface  of  this  young  forest  of  thickly  stud 

and  verdure-clad   trees  presents  the  appearance  of  a   vast  mead 

which  it  might  be  a  holiday  pastime  to  traverse;  but  the  geolo| 

who  draws  near  to  this  meadowy  surface  with  the  intent  to  paM 

yond  to  the  brown  cliffs  which  frown  upon  it  from  the  hights,  i 

-encounter  steeps  and  slides  and  rocky  walls  and  angular  taluses  f 

interwoven  branches  all  conspiring  to  render  his  ascent  slow  and  Is 

xious.     Along  the  northern  side  much  of  the  (^iginal  forest  remai 

ibut  fallen  trunks  and  thickly  tangled  bushes  render  travel  even  m* 

•difficult  than  on  the  American  side,  until  we  rise  above  the  soil-coT^i 

areas  to  ridges  of  bald  schists  and  syenite. 

The  shore-line  on  the  southern  side  is  little  broken  or  indent 
One  well-marked  peninsula  occurs  and  another  broader-mouthedf  * 
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^termined  by  subordiaate  ridges  of  the  Mesabi  Range.     On  the  north, 
howeyer,  the  shore  is  deeply  indented  by  bays  and  promontories. 

This  lake,  according  to  the  barometric  observations  of  Prof.  N.  H. 
Winchell  lies  1,052  feet  above  lake  Superior. 

Geologically  Gunflint  lake  possesses  interest  which  is  destined  to 
lender  it  a  classic  region.  It  touches  the  confines  of  three  ancon- 
formable  systems  of  Archaean  rocks,  and  brings  to  light  facts  which 
may  probably  serve  to  relieve  many  of  the  difiSculties  which  have 
beset  the  investigation  of  the  ancient  formations  of  America.  The 
{liant's  Range  on  the  north  is  composed  of  syenite  andsyeuitic  gneiss, 
the  slopes  of  which  attain  the  lake  shores  around  parts  of  the  expan- 
aion.  These  are  flanked  by  crystalline  schists  which  probably  abut 
obliquely  on  the  lake  and  these  are  succeeded  by  vertical  earthy  schists 
formiDg  ridges  which  run  obliquely  parallel  with  the  north  shore  and 
exhibit  an  instructive  passage  downward  to  the  mica  and  hornblende 
schists  and  gneisses.  These  earthy  schists  retain  all  the  d^iaracteristic 
petrographic  and  structural  characters  of  the  argillytes  and  sericitic 
eehists  occurring  on  Knife,  Fall,  Long  and  Vermilion  lakes;  and  are 
^0  identical  in  physical  characters  with  the  vertical  slates  seen  north 
of  Saganaga  lake. 

In  the  immediate  vicinity  of  the  massive  outcropsjof  these  vertical 
slates  occur  the  black,  carbonaceous,  flinty  and  magnetitic  slates 
plainly  identifiable  with  the  Animike  formation  of  Hunt,  and  equally 
demonstrated  by  my  own  observations,  to  be  the  same  system  of  rocks 
^3  by  Murray  and  Logan  were  named  Huronian.  But  these  possess 
bot  a  gentle  dip  toward  the  south  and  are  abruptly  unconformable  with 
the  Vermilion  and  Gunflint  slates.  They  are  equally  diverse  in  pet- 
rographic characters. 

Finally,  a  fourth  vast  formation,  later  in  origin  and  eruptive  in 
<!haracter,  occupies  most  of  the  surface  along  the  south  shore  of  the 
I^e.  It  crowns  and  characterizes  the  hills  of  the  Mesabi  Range, 
forming  high  columnar  precipices  rising  above  perpendicular  clifi^s  of 
Animike  black  slate  facing  north,  and  sending  down  numberless  ta- 
loses  of  angular  fragments  sloping  steeply  toward  the  lake  shore.  The 
^&me  eruptions  which  flooded  the  country  on  the  south  of  the  lake 
extended  to  the  north  The  columnar  hill-crests  resting  on  nearly 
horizontal  Animike  slates  occur  near  the  western  end  of  the  lake  and 
tt several  points  thence  eastward;  but  they  occur  also  resting  on  the 
vertical  slates,  as  seen  at  the  great  ])romontory  of  Enife  lake  and 
%ftin  on  sec.  7,  65-6  on  Knife  lake.     But,  in  the  vicinity  of  Gunflint 
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lake,  the  gabbro  has  uot  been  foand  coTering  syenite  of  the  Giant'9 
Range. 

This  lake  ander  the  name  of  '^  Flint  Lake*'  appears  to  have  been 
traversed  by  Dr.  Norwood  in  1849;  but  there  is  difficulty  in  identify- 
ing his  facts  and  localities.  The  formation  which  I  here  describe  as 
Animike  slate  is  by  Norwood  styled  "slaty  hornblende"  and  another 
rock  is  called  "hornblende  rock;"  and  this  is  represented  between 
the  slaty  hornblende  and  a  "quartz  rock"  described  as  "a  short  dis^ 
tance  below"  the  slaty  hornblende.  He  recognizes  on  the  north  shore 
a  ridge  of  "siliceous  slate  somewhat  chloritic,"  with  stratiiicatioD 
not  discovered/  A  reconnoissance  was  made  along  the  international 
boundary  in  1880  by  professor  N.  H.  Winchell  and  he  has  given  a 
comprehensive  general  view  of  the  geology.  He  noted  the  uncon- 
formable vertical  schists  on  the  north  shore  t  To  this  subject  more 
particular  reference  will  be  made. 

More  recently  the  shores  of  Gunflint  lake  have  been  examined  by 
the  geologists  of  the  U.  S.  Geological  Survey t  and  to  their  published 
results  more  especial  reference  will  be  had  in  my  details  of  observations. 

The  report  of  my  field  observations  in  the  vicinity  of  Gunflint  lake 
will  begin  at  the  outlet  on  the  north,  and  will  first  cover  the  region 
of  the  expansion,  proceeding  along  the  west  shore  to  the  Narrows, 
and  then  aloi\g  the  north  and  easterly  shores  in  succession.  It  will 
then  take  the  westerly,  southerly  and  easterly  shores  of  the  main 
body  of  the  lake,  and  lastly  the  north  shore  and  its  vicinity. 

r.  06  M.  R,  3  W.  MINN, 
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Fig.  30.^  General  map  of  the  principal  part  of  Gunflint  lake  and  vicinittf. 

See  map,  fig.  41*  for  table  of  roek  famplcf  correaponding  to  the  namben  on  thia  mnp. 

♦  Norwood,  In  D.  D.  0wen*a  Groloffivaf  Survey  of  Witconniu  I'j\oa  ond  M  nnewta,  pr*41C-4]7 
f  N.  H.  winchell.  Sinih  Ann-  Hep  Geol.  Surv.  Afmn.  (1880),  p.  b2. 
I  See  ei»peclany  R.  D.  Irving,  Amer.  Jour.  AW.  Oct,  1887. 
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(1).    Ounflint  lake.     The  Expansion, 

Tbe  general  features  of  the  expansion  may  be  learned  from  the 
small  map.    Figure  32,  beyond. 

N.  E.  i,  N.  E.  i,  sec.  13,  T.  65-4.  Here  a  shattered  bluflF  of  syenite 
attracts  attention.  The  blocks  lie  along  the  shore  in  enormous 
masses.  A  photographic  view  was  taken  from  a  small  island  facing 
the  flcene. 

S.  W.  i,  S.  E.  i,  sec.  13.  T.  65-4.  Bottom  of  western  bay  of  the 
expansion.  The  northern  shore  of  the  bay  presents  continuous  and 
conspicuous  outcrops  of  syenite  (650).  At  this  point  is  good  Saganaga 
syenite  in  an  enormous  outcrop. 

North  line^  see.  23,  T.  65-4,  head  of  bay.  Here  ;are  only  syenite 
bowlders. 

N.  E.  i,  N.  E.  i,  sec.  24,  T.  65-4.  South  side  of  same  bay.  Sag- 
anaga syenite  outcrops. 

N.  E.  i,  sec.  24,  T.  65-6.    A  few  rods  further  south. 

Seeing  a  curious  crest-like  formation  at  summit  of  the  hill  south  of 
this  western  bay,  I  undertook  to  visit  it.  One-third  of  the  way  up,  an 
overturned  tree  exposes  some  slaty  fragments  which  prove  to  be  largely 
magnetite — but  partly  changed  into  hematite.  I  had  seen  a  similar 
stray  piece  of  slaty  magnetite  at  Gunflint  falls. 

Rock  651.     Magnetitic  schist  fragments. 

Fragments  of  slate  as  I  proceed  are  frequently  seen  turned  up  by 
fallen  trees;  but  syenite  bowlders  are  abundant  on  the  surface. 

In  one  place  the  magnetic  rock  (652)  was  solid,  and  had  a  gray  wack- 
enitic  aspect. 

S.  W.  i,  N.  E.  i,  sec.  £1,  T.  65-4.     Near  the  crowning  crest. 

The  slate  becomes  flinty  (653)  with  evidences  of  a  near  outcrop. 

Near  here  are  many  fragments  of  a  diabasic  character,  judging  from 
microscopic  appearance. 

Rock  653.     Diabase  or  noryte,  near  the  crest. 

N.  E.  i,  sec.  24,  T.  65-4.  On  the  crest  half  a  mile  south  of  the 
bay.  An  outcrop  of  clearly  igneous  rock,  rising  in  a  precipice  facing 
northward,  and  ending  in  an  escarpment  on  the  west.  There  is  a  fine 
variety  having  the  external  aspect  of  diabase  (655).  There  is  a  coarser 
variety  with  tabular  feldspar  crystals  weathering  pale  greenish ;  with 
masses  (not  lamallsB)  of  a  black  mineral  probably  augite,  and  a  con- 
spicuous amount  of  a  black  shining  mineral  which  is  probably  mag- 
netite.   I  think  the  coarse  variety  may  be  called  gabbro  (654). 

N.  E.  i,  sec.  24,  T.  65-4.     On  the  return,  at  summit  of  the  northern 
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of  the  two  ridges,  I  find  in  place,  a  rock  inclosing  schistic  pieces,  an£ 
otherwise  consisting  chiefly  of  grains  of  magnetite,  with  an  intersti* 
tial  medium  of  light  color  looking  like  plagioclase,  and  in  places  shin-- 
ing  like  quartz— 656. 

The  summit  of  the  crest  visited  is  level  for  four  or  five  rods,  then  a 
depression  southward,  then  another  level  space  of  four  or  five  rod:8. 

A  few  rods  further  east  I  made  another  ascent  of  this  hill  in  compa* 
ny  with  N.  H.  Winchell,  after  having  studied  all  other  points  in  the 
vicinity  of  Gunfiint  lake.  I  made  another  traverse  of  this  ridge  be- 
tween  Animike  bay  and  the  western  bay  of  Gunfiint  swell  or  expan- 
sion. Syenite  bowlders  are  abundant  on  the  shore,  and  continue  up- 
the  slope  to  the  very  summit.  About  one-third  of  the  way  up,  Ani- 
mike slate  fragments  appear.  On  the  first  low  ridge,  are  large  frag- 
ments of  a  rock  looking  like  undeveloped  ''muscovada'*  (823),  and  in 
contact  with  magnetite.     Compare  with  rock  656. 

Rock   824.     Magnetite  in  contact  with  828. 

This  outcrop  undoubtedly  corresponds  with  that  before  seen  by  me 
at  N.  E.  i  sec.  24,  rock  656,  further  west. 

A  little  farther  up  the  hill  are  many  large  masses^  evidently  not  far 
out  of  place,  of  a  rock  substantially  a  quartzy te  (825).  I  have  seen  it 
elsewhere  in  connection  with  Animike  slates.  It  consists  of  spherictfl 
grains  of  glassy  quartz  cemented  by  a  white  groundmass,  and  on  a 
weathered  surface  looks  finely  o()litic. 

S.  E.  i  N.  E.  i  sec.  24,  T.  65-4.  Proceeding  westward  along  the 
summit  of  this  ridge,  we  saw  a  gabbro  ridge  a  little  farther  north  and 
visited  it.  This,  undoubtedly  is  the  gabbro  cliff  seen  by  me  before — 
rock  654 — but  approached  now  from  a  different  direction.  The  bluff' 
here  is  about  ten  feet  high,  and  of  coarse  characteristic  gabbro.  This 
rests  directly  on  little  altered,  thin-laminated  slate  in  a  horizontal  po- 
sition, and  forms  the  most  northerly  illustration  seen  about  Gunfiint 
lake,  of  the  juxtaposition  of  gabbro  and  Animike  slate.  We  did  not 
however,  see  the  formations  in  place  nearer  than  fifteen  inches  of  each 
other;  but  we  saw  the  slate  in  several  places,  as  high  as  the  bottom  of 
the  gabbro  in  other  places. 

The  layers  of  the  slate  are  of  two  kinds;  1st,  a  blad:,  carbonaceous, 
iron-bearing  rock;  2d,  a  heavy  light  gray  rock.  Both  kinds  are  often 
opposite  sides  of  the  same  laminse.  Both  kinds  are  equally  heavy.  This 
iron  is  not  magnetic,  but  in  the  bluff,  a  cause  exists  of  disturbance  of 
the  needle. 

Rock  826.    Gray  and  black  iron-bearing  Animike. 

We  examined  the  fragments  of  slate  fallen  down  from  the  cliff,  im 
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peof  aome  trace  of  organic  remaina;  bat  fonadBotbing.  There 

rerer,  a  cariousi;  fitted  and  scrobiculate  surface  oa  some  of  the 

which  I  took  for  sabseqaent  atady. 

k  837.    Animike  alate  with  scrobiculate  surfaces. 

h»  place  occorred,  also,  as  I  have  seen  elsewhere  in  the  Animiks 

inrfi«es  of  laminse  covered  by  concave  depressions  of  an  ovoid 

erieal  character,  resembling  what  the  elder  Hitchcock  named 

hoidtt  nidificans.     I  hare  discovered  that  spheroidal  concretions 

m  laminie  sometimes  canse  such  appearance. 

k  838.     Cherty  concretions  producing  Batrachoides  nidificans. 

.  i  N.  W.  i  sec.  19,  T.  65-3.        At  the  narrows,  American  side. 

tbbro  which  covers  the  hill  just  described,  abuts  on  the  shore  iu 

ualtic  forms  20  to  S5  feet  high.    The  level  of  the  base  of  the 

•  here  is  fifty  feet  or  more  below  the  base  on  the  crest  of  the 

'eet  of  the  narrows.     This  fact  furnishes  evidence  that  the  gab- 

<wed  over  a  surface  already  deeply  eroded.    I  shall  present  in 

port  much  more  evidence  of  the  same  purport. 

ady  of  this  gabbro-crowned  ridge  of  Animike  slate,  supplement- 

an  examination  of  the  slope  along  the  north  side  of  Animike 

1  be  described)  points  toward  relations  set  forth  in  the  following 


V   ^- 


. — Relation  ofgabbro,  slate  and  syenite  near  the  narroivs  ofGun- 
Jtint  lake.     Sections  from  north  to  south. 

.— Tlie  Dumbers  expressed  on  the  diagrBm  indicate  the  place*  where  rock 
were  collected,  sa  follows: 

tie  locality  for  rocks  6S1-2.        12S3  is  the  locality  for  rocka  852  (biB)and  6S3 
"  696  1264  •■  "  854-6 

N.  H.  W] 

rning  now  to  the  north  shore  of  Qunflint  Swell,  we  find  Black 
r  resting  on  the  fianks  of  a  syenitic  ridge  belonging  to  the 
I  Range. 


2^ 
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Fig.  32.  Jfap  0/  loccdities  around  Black  Fly  bay,  northwest  part  of 
Gunflint  lake.  (The  territory  is  Canadian  but  the  lines  of  the  Amer- 
ican land  sarveys  are  extended  over  it.) 

Note. — Locality  numbers  correspond  to  rock  samples  as  follows: 


1330  shows  the  locality  for  rock  716. 
1426  «•  •*  819-21. 

1332  •*  ••  717-18. 

1333  "  "  719. 


1336  shows  the  locality  for  rock  720-21. 
1339  "  •«  722. 

1267  "  "  655  bis. 


[N.  H.  W  ] 

Sec.  18,  T.  65-3,  as  of  Minn.  Well  developed  syenitic  gneiss  (716) 
along  the  shore,  with  medium-sized  quartz  grains.  The  constituents 
have  a  gneissic  arrangement.  The  same  continues  to  the  extremity 
of  the  singularly  prolonged  narrow  point  of  the  bay. 

N.  E.  i,  sec.  18,  T.  65-3,  Ridge  of  syenitic  gneiss  north  of  Black 
Fly  bay.  Examined  carefully  at  many  points  and  as  far  as  the  sum- 
mit. The  rock  has  a  sort  of  groundmass  of  reddish  and  whitish  feld- 
spar, with  irregularly  elongated  cakes  of  quartz,  all  disposed  from  east 
to  west,  with  only  a  little  hornblende,  and  that  not  well  formed.  On 
the  whole,  it  much  resembles  the  gneiss  of  sec.  12,  65-3  W.,  as  of 
Minn.,  rocks  806-14,  (which  see  beyond).  It  further  resembles  it  in 
containing  fragmentn  of  hornblende  schist^  which  are  all  disposed  fti 
the  same  direction.    I  feel  a  strong  confidence    n  the  opinion  that  if 
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approach  between  the  gneiM  and  the  probable  ioathward 
in  ackiflts  were  not  coverad  by  this  bay,  we  should  witness 
id  of  a  transition  from  one  to  the  other  as  certainly  exists 
east  end  of  Ganflint  lake.  (See  descriptions  farther  on.) 
b  improbable  that  such  transitions  sometimes  occur  along 
itrike  of  the  schistic  formation. 

Syenite  gneiss. 

Hornblende  schist  pebble  in  the  gneiss. 
.    Contact  of  last  two. 

)oint  of  Black  Fly  bay.  Beyond  this  a  valley  continnes 
»atly  obstructed  by  syenitic  bowlders.  There  would  have 
pect  of  finding  the  rocks  which  intervene  between  the 
he  Animike  hill  on  the  south  if  time  had  been  sufficient 
land  exploration.  Leaving  the  valley  I  ascended  the  hill 
I  side  of  Black  Fly  bay.  It  seems  at  first  almost  formed 
owlderSf  largely  of  the  Saganaga  variety  of  syenite, 
sec.  n,  T.  65-S,  as  of  Minn.  On  the  hill  and  hillside 
kck  Fly  bay.  Proceeding  westward  along  the  hillside  just 
'est,  in  search  of  an  outcrop  of  syenite  or  of  slate,  I  found 
f  slate. 

*urther  along,  large  fragments  of  iron  slate  dipping  still 
itle  disturbed.  Continued  a  quarter  of  a  mile  along  this 
g  slate  fragments  in  extreme  abundance,  but  not  any  un- 
dge. 

Magnetitic  slate  fragments,  as  above. 
.    Qranular  oi;  odlitic  magnetite. 

ess  is  seen  in  the  odlitic  magnetite,  but  it  is  included  in 
^rmation. 

sec.  17,  T.  65-8,  as  of  Minn.    Outcrop  o£. slate  by  water's 
7^,  S.  20°  W.  (by  needle).    This  is  about  sixteen  rods  from 
>  on  the  north  side  of  the  bay.    The  slate  is  banded  and 
19).    It  is  the  nearest  seen  to  the  syenite, 
sec.  18,  T.  65-^,  as  of  Minn.     Slate  having  same  appearance 

sec.  18,  T.  65-3,  as  of  Miun.  Extremity  of  cape  in  eastern 
ick  Fly  bay.  Bough  slate  dipping  T  southward, 
sec.  18,  T.  65-3,  as  of  Minn.  Just  south  of  the  cape.  A 
e  display.  In  a  rounded,  naked  bluff  fifteen  feet  high,  is 
aspect  of  a  conglomerate,  with  many  whitish  constituents, 
ion  shows  it  to  be  a  portion  of  the  slate  formation  contorted 
ng  manner.    The  laminations  are  still  presented,  and  serve 
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to  efince  the  disturbance.  There  are  some  qaartzose  layers,  and  some 
quartz  Teins.  Much  of  the  slate  has  assumed  a  flinty  constitution, 
and  some  laminsB  are  of  red  jasper.  There  are  patches  of  what  I  ha^e 
called  o5litic  magnetite,  and  areas  in  which  the  spherules  are  sparsely 
scattered  in  a  somewhat  homogeneous  matrix  of  undetermined  char- 
acter. In  some  places,  the  crystalline  magnetite  sparkles  brilliantly, 
and  there  are  others  in  which  it  has  been  oxidized  by  water  and  burn 
ings,  into  a  crumbling,  ferruginous  mass,  like  the  waste  of  a  haema- 
tite mine. 

Rock  720.     Various  examples  of  the  slate  of  the  formation. 

Rock  721.     Magnetite  in  its  various  conditions. 

It  does  not  appear  whether  this  disturbance  has  resulted  from  action 
of  the  contiguous  syenite  or  the  equally  contiguous  gabbro.  With 
some  probability,  however,  it  is  connected  with  the  gabbro  overflow,^ 
Yet  another  explanation  remains. 

Observations  elsewhere  prove  that  the  syenitic  gneiss  is  older  than 
the  Eewatin  slates  and  that  these  are  older  than  the  Animike  slates; 
while  the  gabbro  is  more  recent  than  the  latter.  Disturbances- 
of  the  Animike  therefore  must  be  attributed  to  the  latter.  But  it  is 
by  no  means  certain  that  the  flinty  and  jaspery  contortions  above  des- 
cribed could  have  been  caused  by  an  overflow  of  gabbro. 

Neither  does  it  appear  probable  that  the  magnetite  is  accumulated 
in  quantities  of  commercial  importance.  Every  occurrence  is  local 
and  limited.  An  unlimited  quantity  is  held  in  the  formation;  but  like 
the  magnetite  of  Penokee  Qap,  it  is  too  much  dispersed. 

N.  E.  i,  N.  E.  i,  sec.  19,  T.  65-3,  as  of  Minn.  Altered  slate  like  that 
last  described. 

N.W.  i,  sec.  20,  T.  65-3,  as  of  Minn.  Seeing  a  high  crag  off  the  head 
of  this  little  southeastward  projecting  bay,  I  landed  to  visit  the  spot. 
Here  a  ledge  of  magnetitic  slate  outcrops. 

S.  W.  i,  N.  W.  i,  sec.  20,  T.  65-3,  as  of  Minn.  The  crag  proved  to 
be  an  enormous  buttress  of  coarse  gabbro  resting  on  well  laminated 
slate,  and  presenting  the  striking  profile  exhibited  in  part  in  the  dia- 
gram, fig.  33. 

Much  of  the  slate  is  flinty,  and  most  of  it  contains  much  magnetite 
(722).  Some  of  the  gabbro  is  very  coarse  and  tends  to  decay ;  the  finer 
is  more  solid.  There  are  patches  showing  large  parallelopipedons  of 
feldspar — like  the  sanidine  in  the  trachyte  of  the  Drachenfels.  It 
tends  toward  rude  columnar  shapes,  some  of  which  are  quite  imitative 
of  true  basalt. 
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%  >i.—aiiHinlcrcmud  Anintih  dif,  near  Black  Fly  bag  of  Guft/tmt 
lake. 
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N.  E.  i,  sec.  19,  T.  65-3,  as  of  Miun.  Contorted  slate.  Oabbro  can 
be  seen  on  the  hill  in  the  background. 

At  the  narrows,  east  side.  Qabbro  (655  bis)  as  already  described  on 
the  west  side.  The  gabbro  crowning  the  hill  north  of  Animike  bay 
continues  in  the  hill  south  of  the  body  of  Black  Fly  bay;  and  prob- 
ably  continues  into  the  high  bluff  visited  in  the  N.  W.  i,  sec*^90f  T. 
65-8,  as  of  Minn. 

(2)    Ounjlint  lake,  west,  south  and  east  shares. 

From  the  narrows  the  basaltiform  gabbro  continues  into  the  month 
of  Animike  bay. 


Fig.  34.     Localities  in  the  vicinity  of  Animike  bay,  Gunflint  lake. 

Halt  nambere  on  this  map  correspond  m  follows  tarook  samples  collected: 

1267  to  rock  659  bis,  1268  to  rock  656  bis,  1«69  to  rocks  657.9,  1871  to  rock  660,  1S78  to  rocks  a61-a, 
1274  to  rock  661,  1276.to  rOcks  665-71,  and  1276  to  rock  679.  N.  H.  W. 

S.  W.  i,  N.W.  i,  sec.  19, T.  65-3.  Diabase  (or  noryte)  inclosing  nod- 
ules of  pale,  amber-colored  striated  feldspar. 

Rock  656  (bis).     Diabase  (noryte  ?)  with  much  magnetite.    Per- 
haps only  a  very  fine  condition  of  the  gabbro. 

S.  W.  i.  N.  W.  i,  sec.  19,  T.  65-3.  Mouth  of  Animike  bay,  north 
side.  Rock  like  rock  656  in  structure,  but  without  magnetite«-haTin( 
a  feldspathic  ingredient  instead*  Many  small  fragments  of  black  min** 
eral  sometimes  resembling  charcoal — perhaps  anthracite.  In  places i^ 
holds  a  multitude  of  rounded  pebbles,  and  forn\s  a  conglomerate  with  Vi 
cherty  groundmass.  Generally  it  contains  magnetite  in  such  placeS:^ 
and  this  is  sometimes  accumulated  in  much  purity.  The  follow 
specimens  illustrate  the  varieties: 

Rock  657.     Fine  gabbro  without  magnetite. 


^ 
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Rock  658.    Couglomeritic  variety  as  above. 
Rock  659.    Magnetitic  specimens.  « 

This  formatioDy  in  spite  of  its  massive  appearance,  in  manj  places 
is  really  bedded.  One  of  the  specimens  of  659  shows  it.  On  making 
a  trip  up  the  hillside,  I  find  places  really  slaty,  and  partially  argillifcic, 
bnt  generally  magnetitic. 

The  bedding  of  this  formation  is  nearly  horizontal.  All  the  large 
fragments  near  the  shore,  too  fresh  and  angular  to  have  been  much 
moved  from  place,  are  horizontally  bedded.  Not  a  fragment  stands 
on  edge.  On  the  hillside,  the  outcropping  ledge  appears  quite  clearly 
to  possess  horizontal  bedding. 

So  much  then  is  settled: — these  are  characters  of  the  Animike  for-' 
mation. 

N.  E.  i,  S.  W.  i,  sec.  24,  T.  65-4.  Four  rods  along  the  shore  west- 
ward, the  noryte  comes  to  the  shore;  as  it  also  does  six  rods  east  of 
the  last  locality. 

N.  E.  i,  S.  E.  i,  sec.  24,  T.  65-4.  North  shore  of  Animike  bay,  a 
few  rods  further  westward.     Horizontal  magnetite  slate  (660). 

This  bears  an  extreme  resemblance  to  the  magnetitic  slates  of  Pen- 
okee  gap— as  the  latter  slates  reminded  me  when  there,  of  the  Huronian 
slates  north  of  lake  Huron  which  I  had  then  recently  examined. 

N.  E.  i,  S.  E.  i,  sec.  24,  T.  65-4.  North  side  of  Animike  bay. 
The  ledge  of  noryte  comes  to  the  shore  again,  standing  in  great  ver- 
tical flakes.  But  fifteen  feet  west,  finely  characteristic  slate,  well 
banded  and  tending  readily  to  split,  is  seen  resting  in  place  (661),  in 
a  horizontal  attitude.  This  is  clear,  and  incapable  of  question.  The 
formation  is  rather  flinty. 

Immediately  under  these  banded  slates  is  a  massive  layer  of  almost 
pare  magnetite  (662)  at  least  fifteen  inches  thick. 

These  observations  show  that  the  slates  seen  on  the  northern  slope- 
of  this  hill  are  of  this  formation,  and  that  they  repose  on  the  syenite, 
it  least  on  the  north  side,  and  have  been  overflowed  by  gabbro  from 
vent  remote  or  contiguous.  A  section  across  the  hill  would  be  there^ 
/ore  as  already  shown  in  fig.  31.  The  following  observations  confimr 
this  conelusion. 

Rock  662.    Magnetite  in  a  band  fifteen  inches  thick,  as  mentioned 
^bove.     It  breaks  into  flakes  at  right  angles  with  the  bedding. 
Rock  663.     Magnetite  from  the  laminated  portion. 
Near  western  extremity  of  Animike  bay. 

The  slates  oatcrop  in  a  low  ledge  on  the  immediate  shore,  and  show 
^  dip  nearly  south,  or  a  little  east  of  south,  at  an  angle  of  5%  as  showD 
^low. 
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Fig.  35.    Exposure  of  Animike  slate  near  head  of  Anim\)u  ioy,  Qun^ 
fiint  Sake. 

S.  E.  i,  S.  E.  i,  sec.  24,  T.  65-6.  North  of  extremity  of  Animike 
bay.  Twelve  rode  from  the  water,  on  the  hillside,  the  slates  outcrop 
in  a  thinly  laminated  condition  (661).  I  counted  116  laminte  in  the 
space  of  twenty-two  and  a  half  inches.  The  formation  has  a  dip  of 
8°  toward  S.  20°  E.     It  is  quite  magnetitic. 

A  few  steps  further  up  the  hill.  Here  we  hare  a  clear  demonstra- 
tion of  an  overflow  of  noryte  and  gabbro  on  the  slate.  The  following 
drawing  was  made  on  the  spot,  fig.  36. 


Fig.  36.    Relation  of  hasaltiform  gabbro  and  slate,  near  head  of  Animike 
bay.    Looking  north. 

Fig.  37.     Relation  of  hasaltiform  gabbro  and  slate,  near  head  of  Ammikg 
bay.    Looking  west,  and  showing  dip  of  the  slate. 

The  gabbro  near  the  contact  is  charged  with  magnetite,  bnt  a  few 
feet  above,  it  is  quite  characteristic.  The  slate  also  becomes  harder 
and  more  magnetitic  near  the  contact. 

Rock  666.     Slate  1^  inch  from  gabbro  (Ticket  is  on  upper  aide.) 

Rock  666.     Magnetitic  slate  in  absolute  contact. 

Rock  667.     Gabbro  in  contact  with  663. 

Rock  668.     Gabbro  fire  or  six  feet  higher  than  667. 

Rock  669.     Gabbro  six  inches  above  667. 

Bock  670.    Gabbro  twelve  inches  above  667. 


t 
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Sock  671.     Gabbro  eighteen  inches  above  667. 

Head  of  Animike  bay.    Here  within  eight  rods  of  the  shore,  is 

f'  4UiolIier  contact  of  a  similar  kind,  which  is  exposed  for  a  distance  of 
mm  tbau  75  feet 
[     Bock  67S.    Magnetitic  slate  a  foot  below  contact  with  gabbro. 
1     Sooth  of  west  extremity  of  Animike  bay.    A  hill  here  75  feet  high 
L 11  composed  of  slates  similar  to  those  seen  in  fig.^35. 
\     The  oatcrop  extends  to  the  shore. 

8.  W.  i,  sec.  19,  T.  65-3.  Middle  of  south  shore,  Animike  bay.   Slate, 
iderabfy  crumpled  and  broken;  but  this  maybe  an  incident  of 
ndation. 
.  Close  by  this,  eastward,  a  larger  outcrop,  less  slaty  than  usual,  in- 

ing  large  lenticular  compact  portions. 
The  next  small  bay  south  of  Animike  is  not  represented  on  the  plat, 
is  separated  from  Animike  by  a  long  spit  also  not  represented.  In- 
the  head  of  this  little  bay  empties  a  deep  and  slow-flowing  stream 
which  I  ascended  until  canoe  navigation  was  interrupted. 
N.  E.  i,  N.  E  i,  sec.  25,  T.  65-4.    About  a  third  of   a  mile  up  the 
irer,  in  see.  24,  on  the  the  south  side,  is  a  high  cliff  of  slate,  in  a  near- 
horizontal  position.     I  did  not  ascertain  whether  gabbro  is  at  the 

1  great  quantity  of  magnetitic  slate  has  fallen  down  in  a  talus. 
Oaihe  north  bank  of  this  stream,  the  maocnetitic  slate  makes  a  low, 
Hiorfaced  outcrop,  giving  the  appearance  of  graywacke;  but  ex- 
ination  proves  its  character. 

Mmorandum  —According  to  the  testimony  of  Mr.  Buddie,  an  intelligent  ex- 
JiiforertDd  mine  master,  the  same  horizontal  condition  of  this  formation  continues 
sec    33,  T.  65-4. 

N.  E.  i,  sec.  25,  T.  65-4     Magnetitic  slate  in  great  solid  masses — 

'673. 
N.  W.  i,  sec.  30,  T.  65-3.    West  end  Gunflint  lake.     Here  is  the  ex- 
ordinary  occurrence  of  a  sandy  beach. 

Here  I  found  camped  a  party  of  explorers  for  iron.  Mr.  Buddie,  in 
ge  informed  me  that  in  sec.  23,  T.  65-4,  he  had  [uncovered  mag- 
ic iron  ore  for  a  distance  of  1,600  feet.  It  lies  almost  horizontal, 
4&d  is  similar  to  that  seen  in  sec.  24.  This  is  all  to  the  south  of  the 
font's  Range  (v.  page  80). 

A  gap  through  the  Mesabi  Range  south  of.  here,  which  makes  a 
^aspicioas  feature  in  the  southern  horizon  as  viewed  from  the  nar- 
owsy  is  limited  on  the  east  and  west  by  corresponding  precipitous  es- 
irpments  and  seems  to  be  a  suitable  place  for  a  trail  southward.  The 
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Indians  consider  the  gap  as  caused  by  a  subsidence.  The  cliff  on  the 
west  is  undoubtedly  an  interruption  of  the  ridge  visited  about  a  third 
of  a  mile  up  the  river  in  sec.  24.  It  does  not  appear  from  a  distance 
that  this  range  is  gabbro-crowned;  but  from  other  positions  along  the 
lake  the  gabbro  is  obvious. 

N.  W.  i,  N.  E.  i,  sec.  3Q,  T.  65-3.  North  side  of  long  point.  Slate 
occurs  all  along  this  point  and  at'the  extremity.  I  made  an  exeursion 
to  the  summit  of  the  ridge,  but  found  no  indications  of  eruptive  rock. 

N.  E.  1,  S.  E.  i,  sec.  30,  T.  65-3.  Main  shore  south  of  point.  I  de- 
termined to  visit  the  cliff  about  half  a  mile  inland.  This  is*  a  contin- 
uation of  the  ridge  mentioned  on  sec.  24.  About  half  the  way  up  I 
found  slate. 

S  E.  i,  S.  E.  i,  sec  30,  T.  66-3.  At  foot  of  cliff.  This  proves  to  be 
gabbro  (674)  of  the  coasersort.  The  cliff  is  about  15  or  18  feet  high 
above  the  talus. 

N.  E.  i.  N.  W.  i,  sec.  32,  T.  65-3.  At  summit  of  hill.  The  outlook 
from  here  is  wide  and  full  of  scenic  interest.  Looking  northward, 
a  range  of  mountains  stretches  east  and  west  along  the  horizon,  ap- 
parently six  to  ten  miles  distant.  From  the  west  it  reaches  to  the 
river  entering  the  northern  swell  or  expansion  of  Ounflint  lake,  grad* 
ually  lowering  as  it  approaches  the  stream.  White  rocks  can  be  seen 
exposed  at  numerous  places.  The  same  range  extends  on  the  east  or 
Canadian  side  of  the  stream,  and  its  slopes  are  very  frequently  marked 
by  white  syenite  exposures.  These  hills  are  part  of  the  Giant's 
Range. 

In  the  nearer  foreground  are  seen  the  narrows  and  the  mouth  of 
Animike  bay  and  the  shore-line  features  toward  the  east. 

I  made  a  sketch  of  this  interesting  landscape,  and  afterward  decided 
that  it  ought  to  be  photographed.  Accordingly  I  returned  to  the  ca- 
noe and  brought  photographic  apparatus  and  Mr.  Grant,  and  the  event 
proved  that  the  views  obtained  were  entirely  satisfactory.  They  are 
reserved  like  others  for  the  final  report. 

N.  W.  h  N.  W.  i,  sec.  28,  T.  65-3.  To  this  point,  a  mile  from  the 
point  on  the  shore  at  which  the  cliff  was  visited  no  outcrops  were 
seen.  The  slope  is  densely  covered  with  young  poplars.  Here  is  a 
ledge  of  slate  four  or  five  feet  high,  rather  thin -laminated. 

N.  E.  i,  N.  W.  i,  sec.  28,  T.  65-3.  No  outcrop  is  found  here,  but 
it  seemed  best  to  examine  the  fragments.  They  are  mostly  gabbro,  of 
the  variety  which  occurs  a  short  distance  above  the  slate.  But  some 
are  massive  magnetitic  layers  from  the  slate.     The  latter,  to  the  eye. 
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-maeh  resembles  the  former.     Here  also  are  some  samples  of  the  coarse 
;gibbra 
Bock  675.     Magnetitic  rock,  apparently  from  the  slate. 
Rock  676.    A  peculiar  rariety  of  gabbro. 

N.  W.  i.  N.  W.  i,  sec.  27,  T.  65-3.     Small  point  on  south  shore 
The  beach  is  strewn  with  a  great  assortment  (677)  of  striking  pebbles 
^mostly  flinty  and  jaspery,  and  evidently  derived  from  the  slate. 
Bock  677.     Collection  of  jaspery  and  flinty  pebbles. 
Bock  678.     Curiously  banded  flint  pebble. 

S.  E.  i,  S.  E.  i,  sec.  23,  T.  65-3.  Near  west  point  of  strait  to  small 
elongated  bay,  south  side.  A  couple  of  rods  back  from  the  shore  is  a 
bluff  of  ^abbrQ  (679).     It  seems  unusually  heavy. 

This  bluff  does  not  break  down  and  form  any  talus. 

The  wall  of  gabbro  continues  east  and  strikes  the  shore  before 
leaching  the  extremity  of  the  point. 

S.  E.  i,  S.  E.  i,  sec.  23,  T.  65-3.  Extremity  of  point  at  strait. 
€abbro  much  finer  than  No.  679,  and  much  less  characteristic  (680); 
bat  it  is  a  prolongation  of  the  back  part  of  the  same  bluff. 

Opposite  (east)  point  of  strait.  Continuation  of  gabbro,  forming 
aknob  60  feet  high.  This  gabbro  ridge  appears  to  be  the  running  out 
«f  the  high  range  visited  N.  W.  i,  N.  W.  i,  sec.  32,  65-3,  and  in 
vUcb  occurs  the  abrupt  notch  through  the  Mesabi  range  referred  to. 

The  course  of  the  range  is  less  eastward  than  the  axis  of  the  lake. 
Hence  all  gabbro  ranges,  both  sides  of  the  lake,  as  will  appear,  make 
a  small  angle  with  that  axis — those  on  the  south  side  retreating  inland 
toward  west  by  south  or  west  southwest,  and  those  on  the  north  side 
letreatiug  inland  toward  east  by  north  or  east  north-east.  But  back 
(tooth)  of  the  range  which  runs  out  at  this  knob  rises  another  similar 
tnd  parallel  range,  on  the  south  side  of  which  lies  Loon  lake. 

About  a  mile  east  of  this  bay  occurs  another,  entered  through  a 
broader  strait. 

S.  W.  i,  S.  W.  i,  sec.  19,  T.  65-2.  Farther  (eastern)  point  of  the 
bay.    No  outcrop  of  rock;  but  a  bowlder  beach. 

S.  W.  i,  S.  W.  i.  sec.  19,  T.  65-2.  Commencement  of  eastern  end 
rf  Ganflint  lake.  Gabbro  (681)  in  a  low  outcrop  at  the  beach.  All 
tke  shore  along  here  is  strewn  with  angular  fragments  resembling  the 
lame. 

N.  W.  i,  S.  E.  i,  sec.  19,  T.  65-2.    A  gravel  beach  presenting  a  gray 

appearance  with  the  diversified  colprs  of  its  pebbles  blood-red,  dull- 

^/ banded,  black,  gra3'  and  white,  all  siliceous;    many  of  them  are 

^ntifully  translucent  flint;    others  the  most  fine-textured  jasper* 

32 
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Collected  an  assortment  (682).  Ail  these  mast  be  in  place  somewhere 
on  the  north  shore,  or  below  water-level,  for  they  certainly  do  not  so 
occur  along  the  southern  shore. 

The  remainder  of  the  eastern  end  of  the  lake  presents  no  rocky  out- 
crops Two  low  green  points  extend  into  the  lake,  bowlder-covered 
and  sandy.  A  chain  of  small  islands  lies  between  them,  and  these 
appear  to  be  simply  bowlder-formed. 

(3)    North  side  of  Gunflint  lake. 

It  will  be  most  convenient  to  return  to  the  Narrows  and  follow  the 
north  shore  toward  the  east. 

N.  E.  i,  sec.  19,  T.  65-3,  as  of  Minn.  Low  outcrop*  of  dark  rock 
appearing  stratified  vertically;  and  I  can  find  no  trace  of  other  strati- 
fication. Still,  this  fine,  almost  aphanitic,  diabase-looking  rock  (728)* 
belongs  to  the  slate  formation.  It. contains  much  magnetite,  and  the 
lighter  mineral  looks  more  siliceous  than  feldspathic. 

This  condition  of  the  Animike  is  to  be  compared  with  that  seen  on 
the  north  shore  of  Animike  bay,  especially  Rock  662  from  a  locality 
nob  more  than  half  a  mile  distant.  The  massive  rock  seen  on  the 
river  shore  too,  with  a  smooth-surfaced  outcrop  is  similar.  These  may 
all  be  outcrops  of  the  same  bed. 

S.  E.  i,  sec  19,  T.  65-3,  as  of  Minn.  Outcrop  similar  to  the  last. 
These  are  striking  examples*  of  the  complete  disappearance  of  the 
sedimentary  structure  and  its  replacement  by  a  system  of  parallel 
jointage  in  a  position  nearly  vertical  to  the  original  bedding. 

On  a  later  occasion  I  visited  this  locality  for  the  purpose  of  assur- 
ing myself  that  the  vertical  structure  does  not  pertain  to  an  outcrop 
of  the  vertical  slates  seen  farther  east  on  this  shore.  The  following 
are  my  notes  on  the  second  visit.  ''The  formation  is  not  Eewatin. 
What  I  have  said  is  correct.  Although  the  rock  is  so  dark  and  heavy, 
it  does  not  affect  the  needle.  I  suspect  much  anthracite  or  graphite 
mingled  in  it. 

Rock  817.     Dark  massive  Animike. 

''It  is  not  improbable  thai  the  rock  is  on  the  border  line  between 
Animike  and  gabbro.  However,  in  travelling  along  the  north  shore 
of  Animike  bay  again,  I  notice  that  an  identical  rock  is  embraced 
within  the  slates.  I  obtained  another  hand  specimen  of  Rock  66*2.  It 
is  almost  incredible  however  that  the  mass  at  S.  E.  i,  sec.  19,  65-3. 
should  be  inclosed  in  the  slates;  and  the  jointed  condition  is  also 
against  the  supposition.  It  must  be  concluded  that  almost  identical 
rocks  are  embraced  in  the  slates  and  the  gabbro."  * 
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Memorandum. —This  is  prohshly  correct.  In  many  places  subsequently  visited 
the  line  of  the  junction  between  gabbro  and  slate  was  very  uncertain.  Each  for- 
mation has  exerted  an  action  on  the  other.  This  is  revealed  in  approximate  mineral 
constitution  and  rock  structure.  A  rude  columniform  arrangement  often  appears 
in  the  slates  for  several  feel  below  the  contact.  In  other  places  however,  the  evi- 
dence of  mutual  influence  is  wholly  wanting. 

S.  W.  i,  sec.  20,  T.  65-3,  as  of  Minn.  Slate,  exposed  along  the 
slope  of  the  hills.  In  one  place  it  presents  a  dip  of  21*°,  N.  20°  E  ; 
but  it  varies  locally,  and  I  feel  persuaded  that  It  has  fallen  or  slid  out  of 
position.  Farther  along  (eastward)  it  dips  in  various  directions;  and, 
in  the  course  of  16  rods,  it  presents  the  crumpled  and  altered  condi- 
tion of  the  slate  seen  at  sec   18,  65-3,  as  of  Minn.,  rocks  720-721.  The 

shore  is  strewn  with  angular  fragments  of  the  banded  flinty  slate. 

N.  W.  i,  sec.  21,  T.  65  3,  as  of  Minn.    The  formation  here  is  ia 
the  condition  of  a  breccia  consisting  of  angular  fragments  of  magnet- 
ic slate  (723  bis  and  818)  imbedded  in  a  matrix  of  finely  £:ranular 
rock 

This  breccia  crumbling  to  pieces  makes  the  pebbly  beach  around; 
the  point. 


\; 
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Fig.  38.     Brecciated  condition  of  the  Animike  formation,  north  side  of 

Gunfiint  lake. 

The  brecciated  condition  can  be  seen  along  the  shore  for  a  quarter 
of  a  mile. 

These  localities  of  breccia  are  about  a  mile  and  a  half  nearly  east 
from  the  interesting  locality  in  Black  Fly  bay.  They  are  all  apparently 
outcrops  of  the  same  horizon  in  the  Anioiike.  The  horizon  is  not  far 
from  the  contact  with  older  terranes;  but  this  does  not  prove  .the 
brecciated  bed  and  the  (newer)  magnetitic  bed  to  hold  positions^near 
the  base  of  the  Animike.     They  may,  on  the  contrary  belong  [near 
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the  top  of  the  Animike.  But  the  proximity  of  the  gabbro  to  themag- 
netitic  bed  wonld  iiot  prove  this,  since  the  gabbro  simply  resta  on 
what  was  the  actnal  Burface  at  the  time  of  overflow.  The  sligbt 
southward  dip  of  the  Animike,  however,  wonld  indicate  that  the 
breccia  and  magnetite  belong  to  the  later  stages  of  the  period. 


Two  supposabU  relations  of  the  Breeeta  and  M^*^if 
netitic  bed  in  the  formation. 
A,  Animike;  G,  Gabbro;  0,  Older  terrane;  m,  Magnetite;  b,  Brec*^**' 

The  relation  of  the  Animike  to  the  older  formation,  which  is  sht*'  "^^ 
in  Fig.  39  explains  how  the  proximity  of  m  and  6  to  0  would  bo  cc^"*' 
formable  with  the  theory  that  they  belong  in  the  upper  part  of  "fc^*^* 
Animike.  It  implies  that  the  Animike  was  deposited  on  a  sinks-  >^8 
sea-bottom-i-aa  on  other  grounds  was  probably  the  fact. 

The  relation  of  the  Animike  and  older  formation,  which  is  shoiri^  '"' 
Fig.  40  explains  bow  the  proximity  of  m  and  6  to  0  wonld  be  cc^^^' 
patible  with  the  theory  that  they  beloug  to  tl!e  lotmr  part  of  the  A-  "^^' 
mike.  It  implies  that  after  the  deposit  of  the  Animike,  the  c^^-^*"" 
tiguoua  laud  was  uplifted. 

Observation  shows  that  the  dip  of  the  Animike  is  uot  confer"  ^^ 
able  with  the  visible  or  probably  the  conceded  slope  of  the  surface 
the  older  terrane  as  iu  Fig'.  40,  but  that  it  is  uuconformable,  bavin  ^^^^ 
very  gentle  dip  southward,  as  ia  Fig.  39.      Hence  reasoning  from  *^^^ 
facts  thus  far  presented  it  may  be  concluded  that  the  magnetitic   fc^^^ 
is  near  the  top  and  not  near  the  bottom  of  the  Animike,  as  has  bfc='^ 
suggested  for  the  Thunder  bay  region. 

Sec.  21,  T.  65-3,  as  of  Mino.    Animike  beds  containing,  as  nearly 
1  can  judge  in  the  field,  a  large  proportion  of  iron  carbonate. 

Rock  816.     Iron  carbonate  with  argillaceous  and  siliceous  matt^" 
as  macroscopic  ally  determined. 

Sec.  16,  T.  65-3,  as  of  Minn.  VscendeJ  a  small  hill  forty  r*  ^^ 
back  from  shore,  thinking  possibly  it  might  be  the  terminal  kno^^^-^^ 
the  range  of  vertical  slates  exposed  a  mile  east  of  here.     It  provo^^^^ 
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be  iinderlaid  by  Animike.  So  far  as  I  found  rocks  in  place,  I  saw  only 
a  £ray  ledge  somewhat  resembling  "muscoYado.*'  It  seems  to  be 
composed  of  fine  quartz  and  feldspar  with  glistening  scales  like  sericite. 
There  are  rusted  surfaces  which  indicate  also,  as  I  think  the  presence 
of  iron  carbonate. 

Rock  815.     Incipient  muscovado? 

N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  A  knob  of  gabbro  resting 
on  Animike  slates.  This  continues  near  the  shore,  and  finally,  on  a 
change  in  trend  of  coast  line,  retreats  across  the  country^ 

N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  A  low  outcrop  of  a  dark 
gray  rock  (724)  similar  to  that  at  sec  19,  65-3,  as  of  Minn.,  (the  mag- 
netitic  bed),  and  similarly  jointed.  But  examination  shows  a  coarser 
texture  and  some  recognizable  faces  of  dark  augite.  If  this  belongs 
to  the  Animike  the  rock  is  highly  altered.  It  may  be  a  portion  of  the 
gabbro  immediately  superjacent.  Following  my  usage  I  shall  desig- 
nate it  nory te  ( ?  ). 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  At  the  point  of  a  long  slender 
p^niosula  setting  east  southeast  from  the  main  land.  A  pile  of  thin 
laminated  slate  going  to  decay. 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  Small  islet  of  medium  grain- 
ed gabbro.  It  is  cut  by  divisional  planes  running  N.  60°  E.  into  great 
sheets  which  stand  like  piled  lumber  dipping  at  an  angle  of  82°. 

This  is  a  mass  of  gabbro  at  the  water  level,  and  its  continuation 
half  a  mile  westward  would  bring  it  into  the  position  of  the  so«callde 
**noryte"?  rock  724. 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  Main  land  directly  opposite 
the  gabbro  islet.  Here  is  a  genuine  surprise.  Here  are  true  argillytes 
(725  and  789)  standing  nearly  vertical.  They  are  not  at  all  ambig- 
uous. They  are  the  Knife  Lake  slates  preserving  to  this  point,  their 
steady  verticaliiy,.  and  here  remaining  uncovered  by  Animike.  This 
looks  like  a  solution  of  a  vexed  problem.  The  Animike  and  the  Ver- 
milion slates  are  not  one. 

Here  is  no  magnetite  structure.  The  dip  is  S.  89°.  The  strike  of 
the  sheet  is  N.  72°  E. 

This  spot  was  visited  four  diflferent  times.  I  discovered  that  the 
broad  sides  of  the  vertical  sheets  were  sometimes  marked  by  a  ''grain*' 
like  that  of  wood;  and  that  it  presented  a  pretty  uniform  dip  of  67^ 
eastward. 

Rock  729.     Slate  showing  sedimentary  structure  and  grain. 

These  vertical  slates  appear  close  by  the  water's  edge,  the  exposure 
being  the  front  slope  of  a  hill  about  twenty  feet  high.     It  seemed  de- 
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sirabie  to  ascertain  what  lies  back  of  this  hill  on  the  landward  side. 
So  crossing  an  intervening  swampy  depression  I  ascended  the  first 
higher  hill. 

S.  £.  i,  sec.  15,  T.  65-3,  as  of  Minn.  Summit  of  range  one-fourth 
mile  back  from  shore.  Here  are  the  ashen-bleaching  argilljtes.  The 
color  may  be  doe  to  sericitic  matter,  for  that  is  obviously  present  in 
places.  Their  dip  is  67^  varying  to  74°,  in  direction  S.  2V  E.  They 
present  a  very  familiar  aspect.    Rock  726. 

Other  eminences  in  the  east  and  west  continuation  of  these  two 
ranges  could  be  seen,  presenting  the  same  argillitic  color  and  aspect. 
A  higher  range  also  now  appeared  farther  inland,  the  rock  exposures  , 
on  which  were  evidently  similar  to  those  of  the  two  front  ranges.  But 
no  opportunity  existed  at  the  time  for  penetrating  further.  A  subse- 
quent exploration  by  Mr.  Stacy  will  be  referred  to  in  the  sequel. 

The  following  sketch-map  has  been  prepared  for  the  purpose  of 
showing  as  precisely  as  possible  the  interesting  facts  observed  respect- 
ing the  relations  existing  between  the  vertical  argillitic  slates  and  the 
Animike  slates : 

The  locality  numbers,  expressed  on  the  map,  next  page,  correspond  to  the  follow- 
ing rock  numbers: 

1298  indicates  the  locality  for  rock  688-90  1361  indicates  the  locality  for  rock  787 

1346  "  "  "  724  1362  "  "  "  738-40 

1349  "  "  "  735  1364  »'  "  ''  741-2 

1850  "  "  **  726  1418  '*  ''  *'  799 

1351  "  ''  "  727  1419  "  "  "  800-3 

1356  "  "  '*  728-9  1420  '*  »'  *'  804 

1357  "  "  '^  730  1422  »'  "  '»  806 

1358  "  "  "  731  1423  "  "  ''  806-14 

1359  "  ♦'  »'  783-6  1434  ''  "  "  816 

[N.  H.  W.] 

N.  E.  i.  sec  22,  T.  65-3,  as  of  Minn.  The  Kewatin  slates  are  a  little 
sericitic — rock  727. 

N.  E.  i,  sec  22,  T.  65-3,  as  of  Minn.    Vertical  argillyte  continues; 

N.  W.  i,  sec.  22,  T.  65-3,  as  of  Minn.  Vertical  argillyte.  The  for- 
mation  continues  in  the  hill  four  rods  back  from  shore,  as  far  as  the 
head  of  little  bay,  and  farther  strikes  toward  the  main  shore  of  the 
lake.  But  I  have  not  been  al^le  to  find  these  slates  along  the  shore 
west  of  the  cape.  Every  exposure  in  front  of  this  now  reveals  Ani- 
mike. But  I  feel  confident  the  Eewatin  could  be  traced  overland  far 
toward  the  head  of  Black  Fly  bay,  where  the  Animike  comes  within  a 
few  feet  of  the  syenite.  The  Eewatin  would  thus  be  found  passing 
under  the  Animike. 
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N.  W.  i,  sec.  22,  T.  65-3,  as  of  Mian.  This  is  the  nearest  approaclfr 
of  Animike  expoBnres  to  Eewatin  ezposares  in  this  direction.  Here- 
are  thin  laminated  slates  with  a  low  dip  southward.  This  point  is 
less  than  an  eighth  of  a  mile  from  the  last. 

The  following  diagram  evidently  illustrates  rery  nearly  the  ttruc- 
tural  relations  of  three  contrasted  terraces  occurring  in  thia  Ticinity-.: 
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Fig.  43.  Illustrating  the  relations  of  the  Kewatin,  Animike  and  Norj/tf^ 
on  the  north  shore  of  Ounjtint  lake.  Being  a  section  along  the  linf 
A  B  on  the  sketch-map.  Jig.  41. 

In  flgnre  42  the  number  13411  shows  where  ihe  rock  umple  724  wu  collected. 

N.  H.  W. 

N.  E.  i,  sec.  22,  T.  65-3,  as  of  Minn.  High  vertical  bluff  of  sericitiv 
argillyte— 728. 

The  bluff  presents  a  series  of  rock  slates  facing  almost  exactly  south, 
and  standing  in  a  position  precisely !  vertical.  But  there  is  a  grain 
seen  on  each  face,  which  dips  57°  eastward.  One  might  at  first  sus- 
pect this  to  denote  the  true  sedimentary  bedding.  The  objections  to 
this  view  are  the  facts  that  no  contrasts  of  color  or  texture  are  notice- 
able in  the  direction  across  these  lines,  while  in  the  direction  across 
the  vertical  plates  contrasted  bands  of  color  and  texture  can  be  plainly 
seen.  The  roclt  specimen  729  taken  here  shows  both  structures.  The-  - 
same  is  true  of  780  and  736.  Further,  no  laminations  or  separable 
bedaexist  in  conformity  with  the  grained  structure.  Itremains  then 
to  inquire  after  the  cause  of  such  structure. 

S.  W.  i,  sec.  14:,  T.  65-3,  as  of  Minn.  Another  high  cliff  presenting- 
vertical  slates  sidewise  to  the  lake,  but  a  little  obliquely.  It  is  a  soft 
argillyte  of  a  pale  blue-gray  color.  Strike  of  the  slate  N.  42°  E.  Dii^ 
of  the  obscure  grained  structure  50°  northeastward. 

Rock  730.     Argillyte  showiog^both  bedding  and  graining. 

S.  W.  i,  sec.  14,  T.  65-3,  as  of  Minn.  Sericitic  argillyte  (731)  stud- 
ded with  quartz  grains. 
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Thiiis  not  well  marked  Berictttc  argillyte.     It  closely  resembles  the 
nrlieil  slates  aloog  the  lYth  Arm  of  Enife  lake  which  were  named 

proriaionally  porphyrellyte.     This  then  would  be  qnartz   porpbyrel, 

limsj  proTe  to  be  parophitic. 

S.  W.  i,  sec.  14,  T.  65-8,  as  of  Minn.  Sericitic  argillyte  (732> 
densely  studded  with  quartz  f^raiDS  an  eighth  of  an  inch  in  diameter. 
Otherwise  this  rock  is  like  730. 

Other  portions  of  the  formation  are  similarly  studded  with  grains 
•f  red  feldspar 

Kock  733.    Porphyrel. 

Some  other  portions  abound  in  both  quartz  and  feldspar.  These 
irtions  hare  a  distinctly  schistic  grouudmasa  exactly  as  in  lYth 
rm  of  Enife  lake,  and  become  more  characteriBtically  porphyrel. 
Bock  734.  Porphyrel  with  feldspar  and  quartz. 
A.  vein  of  white,  opaque  quartz  (735)  intersects  the  formation,  about 
inches  wide  and  lying  in  a  plane  dipping  S.  50°  W.  at  an  angle  of 
oat  22",     This  dip  howcTer,  is  merely  local. 

The  plate  structure  (dynamic  structure)  trends  N.  64°  E.  and  is- 
ictly  Tertical.  The  fibrous  structure  dips  at  an  angle  of  62°  east- 
rd. 

Cock  736.     Plain  schist  showing  both  structures. 
':  E    i,  sec.  14,  T.  65-3,  as  of  Minn.     Quartz  porphyrel  with  grained 
ictare  dipping  66°  eastward.  The  figure  below  illustrates  a  faulted 
.rfcz  vein  exposed  in  the  face  of  one  of  the  slabs  of  the  formation. 
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43.      Faulted  quartz  vein.       The  lines  show  the  ecutward-dipping 
grained  structure. 

E.  i,  9*c-  !*■  '^'  ^"3.  «8  of  Minn.  The  hill  subsides  by  steps 
;heaBtward  parallel  with  the  shore.  I  walked  along  in  search  of 
junction  between  the  Animike  aud  Eewatin  formations.  The 
ratin  asanmea  a  more  distinctly  porpbyrelloid  character  (737),  much. 
imbling  that  of  Zeta  lake.    (Rep.  1886,  pp.  158-9). 
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S.  E.  i,  sec.  14,  T.  65-3,  as  of  Minn.  This  is  very  near  the  critical 
place.  The  nearest  point  on  the  north  shore  eastward  bears  S.  71^  E. 
The  strait  to  the  little  bay  on  the  south  shore  bears  one  or  two  degrees 
east  of  south.  On  the  shore,  and  for  25  feet  above,  the  Animike 
clearly  outcrops  in  the  form  of  flinty  and  red  jaspery  heavy  beds  in  a 
horizontal  position  on  southward  face.  Six  paces  away — 18  feet  by 
measurement — the  porphyritic  sericito-argillytes  outcrop  standing  in 
the  same  position  as  for  a  mile  and  a  quarter  back.  The  slate  here 
contains  abundance  of  both  feldspar  and  quartz  grains. 

Be3'ond  all  possible  question,  we  have  here  two  formations— even 
iwo  systems.  They  cannot  be  identified.  What  are  they?  The  newer 
x^ertainly  is  Canadian  Huronian.     The  older  is  not  Lanrentian. 

The  Animike  here  is  contorted* brecciated  and  conglomeritic.  It 
has  a  slight  dip  south. 

Rock  738.    Porphyrelloid  sericito-argillyte,  18  feet. 

Rock  739.     Flinty,  contorted  Animike  and  breccia. 

Rock  740.     Pebbles  from  Rock  739. 

Walking  northeastward  along  the  hill-slope,  the  fragments  of  the 
two  formations  are  found  mingled  together;  but  there  is  an  upper 
limit  to  the  Animike  fragments. 

The  Animike  retains  an  elevation  of  about  ten  feet  above  the  lake. 
The  argillitic  bluff  recedes  to  a  distance  of  twenty-five  feet  from  the 
Animike.  Huge  fragments  of  the  argillyte  have  tumbled  down  over 
-the  Animike. 

Next,  at  about  twenty-five  rods  east  from  the  last,  the  argillyte 
bluff  comes  quite  to  the  shore  agaii^or  within  twelve  feet  of  it,  for 
the  rugged  weathering  and  brecciated  Animike  holds  the  water-line, 
and  appears  eight  feet  back.  Here  the  ttao  formations  are  within  sewm 
feet  of  each  otlier,  by  measurement.     This  is  virtually  a  contact. 

Next,  within  two  rods  more  the  argillyte  comes  down  to  the  shore, 
and  complptely  nhuts  out  the  Animike,  except  in  a  few  fragments 
washed  up  from  below  water  level. 

The  nearest  point  on  the  north  shore  eastward  now  leans  S.  58°  E. 

The  following  diagram  represents  the  relations  of  the  two  forma- 
tions at  the  observed  junction: 

S.  E.  i,  sec.  14.  T.  65-3,  as  of  Minn.    The  argillyte,  after  receding    ' 
from  the  shore  a  few  rods,  here  reappears. 

I  was  not  disappointed  to  find  on  the  top  of  the  ridge  here,  a  cap  of  ' 
gabbro. 

The  point  is  now  south  52°  east. 
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Fig.  4i.-~  Observed  contact  of  Animike  and  Kewatin  formations,  north 
shore  of  Gunflint  lake,  being  a  section  along  the  line  C  D  of-the  sketch- 
map.    Fig  41. 

Some  Animike  fragments  lie  Dear  the  beach  within  four  rods  of  the 
■argillyte. 

N.  E.  i,  sec.  14,  T.  6^-3,  as  of  Mino.     The  same  point  bears  S. 
42''  £.     The  argillyte  conies  near  the  shore  again.     On  the  beach  are 
iarg*  angulRF  fragments  of  a  biotite  gneiss  (741).     As  these  have  not 
been  washed  from  the  southward  lying  bottom  of  the  lake,  they  must 
li»Te  come  from  some  short  distance  northward. 
L      Oo  the  bill,  the  argillyte  is  very  slaty,  and  the  leaves  consist  of  dif- 
Vfcrent  qoalities  of  rock  in  alternation. 
'     Rock  742.    Infcerbanded  phyllyte. 

X.  E-  1,  sec.  14,  T.  65-3,  as  of  Minn.     Hill  one-fourth  mile  back 

from  lake.     The  point  bears  S.  31°  E.     The  argillyte  is  pale  gray-blue, 

'     but  weathers  singularly  light  colored.     The  plate-structure  strikes 

I     N.  50°E.     The  fibrous  structure  is  much  disguised  by  parallel  joints. 

It  dipaeastward  65° — the  joints  55°. 

Once  again,  and  for  the  fifth  time  I  passed  along  the  shore  where 
the  Kewatin  slate  comes  in  proximity  to  the  Animike.     Traced  again 
the  shore  outcrops  of  Kewatin  qnite  to  the  head  of  Kewatin  bay.  The 
nek  is  considerably  altered.     Walked  again  past  the  spot  where  gab- 
.  Wo  appears  above  the  Kewatin.     It  is  not  seen  here  in  actual  contact. 
Ib  same  of  its  conditions  the  Kewatin  slates  might  be  taken  for  bed- 
M  igneous  roc&s;  but  the  beds  are  always  vertical,  and  conformable 
•ith  the  other  portions  of  undoubted  sedimentary  origin.    The  fol- 
IciriDg  further  samples  were  collected: 
■Rock  785.     Kewatin  slate,  contorted  and  altered. 
Bock  786.     Sample  of  rock  which  might  be  regarded  eruptive. 
Bock  787.     Condition  nndonbtedly  sedimentary. 
Bock  788.    Another  sample  of  sedimentary  condition. 
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S.  W.  i,  sec.  13,  T.  65-3,  as  of  Minn.  Twenty  rods  north  of  camp 
on  sec.  13,  65-3.  Animike  abuts  on  the  shore.  It  is  characteris- 
tically flinty  and  ferruginous,  and  the  sedimentary  bedding  is  anmis* 
takable;  but  the  formation  has  undergone  severe  alteration,  and 
breaks  up  in  vertical  columns  like  gabbro.  I  had  to  ascend  the  bluff 
to  be  sure  that  gabbro  was  not  at  the  top. 

On  a  subsequent  occasion  this  spot  was  revisited  and  the  following 
observations  made:  Some  excellent  ma(2:netite  occurs  here.  It  per- 
tains  to  a  small  remnant  of  gabbro  which  remains  on  the  north  side  of 
the  hill,  in  the  position  shown  below: 
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Fig.  45. — Remnant  of  gabbro  on  a  knob  of  Animike  slates.  Ounftint  lake. 
Looking  westward.     A,  Animike.    6,  Gabbro. 

It  looks  as  if  the  whole  bluff  had  been  once  buried  in  gabbro  and  j 
the  schist  altered,  then  all  the  gabbro  weathered  away  except  the  ^ 
small  lot  as  indicated  on  the  north  side  of  the  ridge.  The  contact 
with  the  schist  is  sharp;  but  the  schist  was  already  in  fragments,  and 
the  fluid  gabbro  flowed  around  them  and  into  the  fissures  and  con* 
verted  the  schist  fragments  into  quart;zose  masses.  This  observation 
is  analogous  to  that  made  on  an  island  in  lake  Gabimichigama,  (Be* 
port  for  1886,  page  172). 

The  slate  here  has  a  dip  southward  of  about  15°.     Further,  we  finil 
some  contorted  fragments;  and  these  facts  rather  imply  that  there  ! 
was  in  this  place  more  than  a  quiet  overflow.     Still  as  before  inti-   ' 
mated,  the  contortion  of  certain  beds  may  have  taken  place  during 
the  deposition  of  the  Animike. 

S.  W.Ji^  sec.  13,  T.  65-3,  as  of  Minn.  Good  camping  ground.  An- 
imike slates  at  the  point  of  the  promontory  south  of  here  (S.  W.  i,  S. 
W.  i,  sec.  13)  with  gabbro  at  the  summit.  Gabbro  continues  along 
the  ridge  northeast  and  forms  a  columnar  wall  in  the  hill  back  of  tto 
camp.  The  gabbro  appears  to  be  generally  intersected  by  east  aod 
west  divisional  planes,  and  when  the  exposure  has  a  westerly  aspeet^ 
it  presents  a  columnar  structure. 

S.  W.  i,  S.  W.  i,  sec.  13,  T.65-3.  At  the  beach,  beds  of  flint  schist; 
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above,  gabbro.  Here  as  elsewhere,  the  schist  is  horizontal^  on  a 
soaihem  aspect. 
On  a  subsequent  visit  I  made  the  following  notes : 
The  slates  here  are  quite  thin  laminated,  except  an  occasional  bed 
of  flint.  The  flint  beds  are  curiously  variable  in  thickness,  and  the 
apper  and  under  sides  do  not  correspond.  This  is  shown  in  the  fol- 
lowing diagram : 


Si\r^ 


Rock  781. 
Bock  782. 
Rock  783. 
Rock  784. 


Fig.  46.— -4tttfma^iofi«  of  flint  and  flinty  shales^  Ounflint  lake, 

a,  a,  Flinty  shales;  b,  Fliut. 

« 
I  find  in  this  place  an  abrupt  transition  from  slate  to  gabbro. 

Rock  779  bis.    Slate  in  immediate  contact  with  gabbro. 
Rock  780.    Gabbro  in  immediate  contact  with  slate. 

Qabbro  1  ft.  above  slate. 
Gabbro  4  ft.  above  slate. 
Gabbro  10  ft.  above  slate. 
Flint  from  one  of  the  flint  beds. 
S.  E.  i,  S  W.  i,  sec.  13,  T.  65-3,  as  of  Minn.     At  the  beach,  beds  of 
«  granalar  siliceous  rock  (688)  with  a  white  cement.    Above,  siliceous 
argillyies  and  flint-schists  (689)  for  20  or  25  feet.     Lastly,  gabbro  (690) 
mostly  of  the  coarser  kind. 

Near  centre  sec  18,  T.  65-3,  as  of  Minnesota.     At  the  beach,  thick - 
Vedded  siliceous  magnetite  and  flint.     A  little  back,  fine  gabbro  eight 
feet  higher. 
.Rock  683.     Black,  siliceous  magnetitic  schist. 
Rock  684.     Fine  gabbro. 

It  is  difficult  here,  as  in  many  other  places,  to  decide  on  ocular  in- 
spection, where  the  gabbro  ends.     Specimens  from  an  intermediate 
position  show  blended  characters. 
Sock  685.    Gabbrolitic  magnetite. 

The  rock  685  is  about  3  feet  above  6&3.  Still  below  685,  the  gabbro 
At  rests  absolutely  on  the  chert  687  and  this  on  683;  so  that  the  order 
&om  above  is  as  follows : 
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684.) 

685.  >  Gabbro. 
6860 

til'    2^r^^'  *•*     I  Slate  formation. 

683.     Siliceous  magnetite.  ^  "^  ""^   "*      "    " 

Just  east  of  this  place,  we  observed  a  rusted  rock  which  when  brokeD 
open  is  of  a  gray  color,  and  which  I  suspect  to  be  a  carbonate  of  iron.. 

Hock  813.     Carbonate  of  iron  (?)  from  Animike. 

We  found  other  rusted  rocks  which  are  black  within  but  do  not 
affect  the  needle.  They  are  probably  anthracitic  or  carbonaceous^ 
Between  the  rusty  coat  and  the  black  interior  is  a  line  of  gray.  It  is^ 
desirable  to  ascertain  whether  the  line  of  gray  results  from  the  oxida* 
tions  of  the  carbon,  and  the  union  of  the  carbonic  acid  with  the  iron; 
and  whether  the  rusty  coat  results  from  a  retrograde  process — the  per- 
oxidation of  the  iron  in  the  carbonate  thus  formed. 

Rock.  814.  Black  iron  ore  with  surface  bands,  from  near  centre  of 
sec   18,  65-2. 

N.  E.  i,  N  E.  i,  sec.  IS,  T.  65-2,  as  of  Minn.  Extreme  east  end  of 
Gunflini  lake,  immediately  north  of  the  mouth  of  Gunfiint  rirer.. 
Here  is  a  fine  sand  beach.  The  Gunfiint  river  appears  sluggish  and. 
marshy. 

We  visited  near  this  spot  the  camp  of  a  company  of  Canadian  landl 
suryeyors  in  the  employ  of  Sedgwick  and  Brotherton  of  Chicago,  who- 
had  located  a  large  tract  of  land  on  the  north  shore  of  Gunfiint  lake 
and  river.     The  location  was  supposed  to  cover  valuable  deposits  of 
iron  ore,  and  it  was  desired  by  us  to  learn  the  precise  description  and 
visit  the  principal  points  in  the  tract.     The  parties  whom  we  saw^ 
however  professed  to  be  simply  camp  attendants  and  to  be  totally 
ignorant  of  the  location  of  any  iron  deposit.     They  showed  us,  how- 
ever, some  samples  which  were  represented  to  be  inferior  to  the  best. 
The  specimens  seen  were  all  magnetic  ore  except  one — that  was  hsem* 
atite.     I  suspect  they  were  all  from  the  Animike,  though  they  resem- 
bled also,  ore  from  the  gabbro. 

■ 

(4  )    Excursions  from  Ounjiini  lake  into  the  interior, 

(a)     Traverse  due  north  from  a  point  near  the  centre  of  the  S.  IT.- 
i,  sec.  18,  62-2,  as  of  Minn.     The  starting  point  was  the  head  of  the 
bay  (see  fig  41).     A  track  had  been  blazed  by  the  surveyors  of  Sedg-^ 
wick  and  Brotherton.     Gabbro  is  found  on  the  shore. 

One-third  mile  north  of  Gunfiint  lake.  Here  occur  Animike  frag-^ 
ments  and  soon  Animike  in  place,  but  not  magnetitic  argillytea.  The- 
rock  is  highly  ferruginous  and  gives  a  brown-red  streak. 
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Rock  799.    Hsomatite  rock. 

Rock  812.     Conglomeritic  iron  ore  from  the  Animike,  near  the  last. 

This  rock  is  in  a  dislocated  condition,  and  I  did  not  ascertain  the 
dip  of  the  formation;  but  it  appears  much  like  a  state  of  the  brecci- 
ated  Ai^imike  which  I  have  before  seen  many  times — always  in  near 
relation  to  the  underlying  older  terrane. 

One-half  mile  north  of  Gunfiint  lake.    After  making  a  small  descent 

we  come  to  a  hill-slope  in  which  we  find  Eewatin  slates  outcropping. 

*  They  are  first  clean  sericitic  argillyte.     A  couple  of  rods  further  north 

we  get  porphyritic  sericitic  argillyte  weathering  much  like  the  por- 

phyritic  porodyte  of  Vermilion  lake. 

Rock  800.  Sericitic  argillyte  as  first  encountered,  with  fine  shining 
scales. 

Rock  801.     Porphyritic  porodyte. 

Fifteen  rods  beyond,  the  rock  is  harder  and  more  crystalline,  and 
the  shining  scales  are  larger. 

Rock  802.     Semi-crystalline  sericitic  schist. 

Still  beyond,  the  feldspar  weathers  reddish,  and  the  rock  looks- 
syenitic. 

Rock  803.     Syenite-looking  porphyritic  Eewatin  schist. 

Three-fourths  of  a  mile  north  of  Gunfiint  lake.  A  high  hill  com- 
posed of  alternating  bands  of  porphyritic  porodyte  and  a  rock  appear- 
ing like  true  hornblende  schist;  but  the  hornblende  is  still  of  argillitic 
sofiness;  and  there  are  fine  glistening  scales  which  generally  appear 
like  sericite,  but  in  places  become  large  enough  to  recognize  as  mica- 
eeoos.  Interbanded  with  these  rock-beds  and  laminae  are  some,  mostly 
thin  (up  to  one-half  inch)  laminae  of  light  color,  composed  of  feld- 
spar about  60  per  cent,  the  dark  hornblende-like  mineral  about  80  per 
eent,  and  quartz  grains  10  per  cent. 

*The  rock  here  is  also  in  places,  much  contorted.     All  the  characters 
indicate  proximity  to  some  dynamic  agency. 

^Rock  804.     Interbanded  porphyritic  porodyte,  syenite  and  uralitic 
schist. 

There  are  places  where  the  twisting  and  iuterlaminations  reproduce 
tbe  features  so  often  noticed  by  me  last  year  and  figured  in  my  report. 
For  that  reason  I  will  not  figure  them  here.  I  wish  to  refer  particu- 
larly to  pages  40,  113,  87  and  96.  The  sinuosities  and  doublings  of 
^he  reins  are  also  very  striking. 

Highest  summit  of  the  same  ridge.  The  breadth  of  the  dark  bands  is 
increased.     The  rock  is  here  mostly  uralitic  schist,  but  with  many 
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bands — moBtT;  not  orer  one  ot  two  iuchea— of  the  porphyritic  poro- 
dyte,  and  many  veinB  of  syenite. 

Some  of  the  layers  of  porphyritic  porodyte  in  the  uralitic  Bchist  are 
far  gone  toward  the  condition  of  uralitic  gneiss. 

The  belt  of  nralitic  and  mixed  schist  is  abont  18  rods  wide.  .This 
is  all  there  is  along  this  section  to  represent  the  Termilioo  (or  Coa- 
chiching)  group. 

The  light  and  dark  bauds  alternate  five  hundred  times  in  an  expos- 
ure three  rods  wide. 

Next  ridge,  one-eighth  mile  further  north.  The  rock  has  the  weath- 
ered aspect  of  syenite.  Broken,  it  consists  of  quartz,  white  feldspar 
and  uralitic  hornblende. 

Hock  805.     Uralitic  syenite  gneiss. 

At  the  foot  of  the  next  hill,  one-fourth  mile  further  north,  the  for- 
mation begins  to  assume  the  characler  of  the  Saganaga  syenite  in  a 
gueissic  condition. 

Summit  of  range  one  mile  north  of  Ounflint  lake.  The  rock  has  be- 
come a  muscovitic  gneiss,  with  the  feldspar  and  quartz  in  a  compact 
mass  but  still  granular.     See  the  section  fig.  it. 

Rock  80G.     Muscovite  gneiss. 


Fig.  47.  Section  passed  over  in  one  mile  en  thr  north  side  of  Gunflint 
lake  near  line  between  ranges  Twoand  Three  west;  showing  junction  t^ 
Animike  and  Kewatin  systems  and  transition  from  Kewatin  through 
crystalline  schists  to  gneiss.  See  sketch  map,  Fig.  41.  Vertical  di- 
mensions exaggerated,  as  usual. 

This  trip  shows  a  gradation  from  the  slates  and  porphyrel  of  the  Ke- 
watin through  interbanded  Kewatin  and  uralitic  schist,  to  well 
established  gneiss — the  series  of  beds  being  conformable  from  end  to 
end.  The  lower  (porphyritic)  member  of  the  Kewatin  has,  in  its 
formation,  been  moulded  simultaneously  with  the  uralitic  schist,  and 
belongs  to  the  same  chronological  system.     The  uralitic  schist  panes 
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by  gradation  into  gneiss.  These  three  existed  and  were  formed  in  tlie 
same  geologic  age.  The  gneiss  was  not  subsequently  formed.  All 
have  been  uplifted  from  a  horizontal  position  simultaneouly. 

Bock  807.  Illustrating  a  transition  directly  from  porphyritic  poro- 
dyte  to  uraltic  gneiss. 

Rock  808.     Transition  from  porphyritic  porody te  to  hydromicaceous 

gneiss. 

Rock  809.    Transition  to  mica  schist. 

Rock  8i0.  From  a  dyke  crossing  the  formation  a  little  east  of  north 
and  west  of  south. 

Rock  811.     Augitic?  band  in  the  uralitic  ilbhist* 

It  is  to  be  especially  noticed  that  the  mode  of  kransitioo  from  £[e-^ 
watin  slate  to  uralitic  schist  is  different  from  the  transitidh  froiu 
Kewatin  to  gneiss.  In  the  former  case,  the  Kewatin  becomes  inter- 
sected by  conformable  laminae  of  the  uralitic  schist;  then  thicker 
laminae  with  thinner  bands  of  Eewatin;  but  every  lamina  is  all  the 
time  complete  schist,  as  a  rule.  In  the  latter  case,  the  porphyritic 
condition  of  the  Eewatin  begins  to*  reveal  pale  dark  or  dun  areas  of 
limited  extent;  then  these  acquire  a  uralitic  aspect;  then  farther  on^, 
a  hornblendic  aspect.  Meantime,  also,  quartz,  which  is  generally 
present  to  some  extent,  in  the  porphyry,  becomes  more  abundant.  We' 
then  have  the  constituents  of  syenitic  gneiss  (hornblende  granite).- 
Sometimes  the  dun  and  dark  substance  which  arises  in  the  porphyrel 
passes  to  mica  instead  of  uralite  and  hornblende,  and  we  get  a  pure 
gneiss. 

(b)    M9\   Stacy's  Traverse  north  from  N.  E.  i,  sec.  22,  65-3,  as  of 

Minn, 

On  no  one  of  my  five  or  six  visits  to  the  place  of  first  discovery  of 
Eewatin  slates  on  the  north  shore  of  Gunfiint  lake  was  it  convenient 
for  me  to  penetrate  the  interior  further  than  a  quarter  of  a  mile.     I 
was  therefore  desirous  that  Mr.  Stacy  should  go  over  the  interval* 
between  the  shore  and  the  crystalline  rocks  which  I  felt  sure  ra^ust 
exist  in  the  higher  range  about  three-fourths  of  a  mile  back  from  the 
shore.     Mr.  Stacy's  detail  of  observations  will  be  given  from  his  own 
Dotes  in  the  proper  place;  but  I  wish  here,  for  the  sake  of  complete- 
ness in  my  description  of  Gunfiint  lake  geology,  to  record  the  results 
After  passing  the  valley  intervening  between  the  ridge  in  S.  E.  i,  sec. 
15,  65-3,  and  the  higher  range,  the  Eewatin  began  to  be  found  inter- 
stratified  with  layers  more  or  less  inclining  to  a  micaceous  state   Bui 
34 
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before  the  mica  schist  was  found  completely  developed,  gabbro  was 
encountered  resting  on  the  crest  of  the  hill.  It  was  a  thin  bed»  but 
coarse  in  quality. 

(c)  Mr,  Stacy's  Traverse  north  between  sees.  13  and  14,  65-3«  as  of 

Minnesota^  north  shore  of  Gunflint  lake. 

This  traverse  was  about  one  mile  in  length.  Eewatin  continues 
for  about  three-fourths  of  a  mile,  when  the  usual  transition  to  mica- 
ceous strata  occurs.  At  a  mile  from  the  lake,  gneiss  is  fully  established. 
Syenite  characteristically  constituted  occurs  on  the  highest  summit 
reached.  The  belt  of  crystalline  schists  is  about  a  quarter  of  a 
mile. 

These  three  traverses  are  separated  by  intervals  of  about  a  mile. 
The  geological  developments  are  in  their  general  features  identical  in 
all.  There  is  a  transition  of  the  same  nature  in  all,  from  Kewatin 
slates  to  crystalline  schists,  and  an  identical  passage  from  these  into 

conformable  gneissic  beds. 

« 

(d)  Visit  to  the  Iron  deposits  in  sec.  23,  T.  65-4,  west  of  Gunflint 

lake. 

These  deposits  are  embraced  in  the  tract  located  under  the  personal 
direction  of  Mr.  Buddie  who  stated  that  he  was  in  the  employ  of  Mil- 
waukee parties.  Reference  is  made  to  it  on  pages  80  and  247.  It  seemed 
eminently  desirable  to  ascertain  the  geological  situation  of  the  iron, 
and  a  trip  was  accordingly  made  by  my  brother  and  myself. 

The  trail  to  the  location  lies  along  the  north  line  of  section  24,  T. 
C5'4.  Its  position  is  at  the  foot  of  the  Giant's  Range.  It  passes  over 
a  surface  apparently  underlaid  by  Animike  slates,  but  the  syenitic 
bosses  rise  close  by  on  the  north  and  in  places  present  precipitous  ex- 
posures. The  surface  over  which  the  trail  passes  is  hilly,  and  presents 
a  gradual  ascent  toward  the  interior. 

After  reaching  the  northwest  corner  of  sec  23,  a  branch  of  the 
trail  turns  southward  along  the  west  line  of  the  section.  Going  south 
about  a  quarter  of  a  mile  an  exposure  is  seen,  of  which  the  following 
is  a  section  from  north  to  south. 

S.  W.  i,  N.  W.  i,  sec.  23,  T.  65-4.  Outcrop  of  magnetitic  beds  of 
the  Animike. 

The  iron  (829)  is  about  six  feet  thick,  and  the  two  lower  members 
aggregate  about  eight  feet.  The  dip  southward  is  about  10°.  On  the 
north  is  low  ground,  and  many  syenite  bowlders. 


STATE  QEOLOQiST.  267 


Fig.  48. — Outcrop  of  magnetitic  beds  of  the  Animike,  829,  Beds  of  mag- 
netic iron  ore.  830,  Quartzose  **  muscovado."  831,  Bluish  compact 
rock  not  determined. 

Rock  829.     Magnetite  at  surface. 

Rock  830.    Quartzose  muscovado. 

Rock  831.     Bluish  muscovado-like,  but  undetermined. 

S.  E.  i.  N.  E.  i,  sec.  22,  T.  65-4.     About  ten  rods  further  west. 

Here  is  an  opening  in  the  form  of  a  shaft  for  exploration.  It  passes 
hrongh  the  whole  of  the  magnetitic  beds  and  terminates  on  syenite 
li^neiss  (833).  Th^  magnetite  (832)  here  is  from  three  to  four  feet 
thick*  but  varies  in  quality  both  horizontally  and  vertically.  Some 
of  it  is  quite  superior  in  richness.  From  first  quality  it  passes  down 
to  the  ordinary  magnetitic  Animike.  It  is  here  quite  massive.  The 
exposed  surfaces  are  black.  It  is  cut  by  joints  somewhat  rectangu- 
larly. It  is  powerfully  magnetic  as  a  mass,  and  in  hand  specimen^. 
At  the  bottom  of  the  bedded  ore  is  a  zone  considerably  broken  and 
confused.     It  is  also  rather  cherty. 

At  the  plane  of  contact  between  the  Animike  and  the  gneiss  is  a 
layer  of  brown  earthy  matter  (834),  about  four  to  six  inches  thick. 
In  places  there  appears  to  be  a  sheet  of  Animike  rusted  and  decayed. 
Bat  the  greater  part  of  this  bed  plainly  comes  from  the  decay  of  the 
gneiss,  for  it  abounds  in  gravel  which  apparently  represents  the  quartz 
of  the  gneiss.  This  decay  I  scarcely  think  a  result  accomplished  since 
the  deposition  of  the  Animike;  for  the  Animike  would  protect  the 
gneiss  as  effectually  as  so  much  superincumbent  gneiss.  This  layer 
then,  is  an  ancient  soil  which  was  formed  during  ages  of  aerial  or  sub- 
marine exposure,  before  the  Animike  had  existed.  It  would  not  ex- 
tend under  the  Eewatin,  because  there  is  no  definite  bottom  to  it. 
Its  history  is  continuous  with  that  of  the  gneiss.  This  soil  would 
extend  underneath  the  Animike  and  above  the  Kewatin. 

It  is  noticeable  also,  that  the  ''muscovado"  bedsi'are  not  present. 


Wfi  SlXTEBirrH   ANNUAL    RKPOBT 

This  shows  that  the  borden  line  of  the  ADimike  sediments  moved 
northward  during  the  Animike  afie— whether  from  filHac  of  the  sea, 
or  from  a  moderate  suhsidence  northward.  The  gneiss  therefore, 
existed  as  it  is  hefore  the  Animike,  and  is  certainly  not  later  in  ap- 
pearance as  a  formation.  A  slight  subsequent  elevation  of  the  gneis- 
sic  region  may  have  given  the  Animike  its  slight  inclination. 

In  the  following  diagram,  the  facts  are  shown,  as  above  atattd,  to- 
gether with  the  supposed  relation  of  the  Eewatin  to  the  other  forma- 
tions. 


Fig.  49  —Geological  posUions  of  the  Magnetite  stratum  two  miles 
west  of  Gunfiint  lake. 

Shows  junction  of  Animike  and  gneiss  and  the  supposed  unconfor- 
mable subterposition  of  the  Eewatin. 

U,  Veriimlly  si  liiiicac  gnilM.  E,  Verilcal  Kewalln  (not Heen  here).  Al,  Ne&rlj 
horizinlat  Animike,  upper  heds,  A2,  Aotmike,  lower  beds  of  Ibe  vicinity  (not  ex- 

a,  Tlie  principal  iron  oru  ln'il8.     e,  LHytr  of  gravelly  enrtli. 


(5)     Befiectio 


)  the  geology  of  Gunfint  lake  and  vicinity. 


The  following  inferences  from  observations  made  about  Gunflint 
lake  were  penned  on  the  spot,  while  in  the  presence,  and  under  the 
influence,  of  the  phenomena  of  which  some  account  is  given  in  the 
preceding  pajes.  These  fresh  impressions  may  possess  a  rajue  in 
some  respects  superior  to  that  of  deliberate  conclusions  penned  after 
the  vividness  of  the  impressions  has  worn  off. 

It  would  appear  that  this  entire  region  has  been  covered  by  an  out- 
flow or  overflow  of  gabbro  in  a  fluid  state.  The  erosions  of  later 
times  have  removed  a  large  part  of  it,  and  eaten  down  many  feefcinto- 
the  slates.  The  slates  generally  are  more  destructible  than  the  gabbro;' 
and  where  exposed,  wastage  has  been  more  rapid  than  on  the  gabbro- 
covered  areaF.     Hence  it  is,  as  I  suppose,  Ihat  the  gabbro  remaining. 
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has  been  left  crowning  the  summits  of  the  hills  of  relief.  It  is  not  to 
be  supposed  that  the  gabbro  was  erupted  along  these  ranges.  There 
may  have  been  great  fissures  located  somewhere,  through  which  the 
gabbro  escaped,  and  from  which  it  flowed  over  hundreds,  perhaps 
thousands  of  square  miles. 

The  gabbro  is  everywhere  in  visible  progress  of  degradation.  Long, 
massive  flakes  become  detached  and  fall  down — often,  rolling  to  the 
base  of  the  talus.  Olher  flakes  are  seen  to  be  disengaged,  waiting  for 
a  few  seasons  more  of  the  leverage  of  expanding  ice  to  throw  them 
over.  Meantime  the  shales  below  vanish  by  a  process  less  grandiose. 
The  work  is  so  slow  that  a  given  surface  remains  relatively  perma- 
nent, and  vegetation  takes  root  on  it.  Even  trees  have  time  to  grow, 
while  their  foundation  disappears  beneath  them.  But  not  only 
herbs  and  shrubs,  but  sturdy  trees  yield  when  the  time  arrives  for  the 
destructive  blows  of  the  descending  gabbro,  or  the  silent  undermining 
of  atmospheric  disintegration  and  decomposition.  Though  these  re- 
sults are  coming  to  attainment  even  while  we  gaze  on  the  spectacle,  if 
we  look  around  and  contemplate  the  vastness  of  the  work  already  ac- 
complished, we  are  bewildered  in  the  attempt  to  grasp  the  aeons  of 
time  which  have  elapsed  since  the  configuration  of  hill  and  valley  and 
lake  basin,  as  we  now  look  upon  them,  has  been  slowly  attaining  its 
present  features. 

y'*te. — The  only  considerable  record  hitherto  published  of  facts  observed  about 
Guntliot  ]ake*are  contained  in  the  iV»n/7i  Annual  Report^  Geology  of  Minnesota, 
IS.'^O,  pp.  81-83,  and  the  Tenth  Annual  Report,  1S81,  pp.  86-88.  Incidentally  the 
gco'ogy  of  Gunflint  lake  is  referred  to  in  the  Seventh  Annual  Report^  1878,  pp.  11 
ami  21.  These  accounts  are  by  professor  N  H.  Winchell,  the  state  geologist.  Mr. 
Kobert  Bell,  of  the  Canadian  Geological  Survey,  who  passed  along  the  boundary  in 
1872,  has  given  ten  lines  to  Gunflint  lake  in  the  Report  of  Progress  for  1872-3,  pp. 
92-93.  Dr.  J.  G.  Norwood  in  his  flying  trip  along  the  boundary  in  1849,  made  a  few 
observations  on  Flint  lake  which  may  be  found  in  I).  D.  Owen's  Report  of  a  Oeolog- 
ieal  Surrey  of  Wisconsin,  Iowa  and  Minnesota,  Philadelphia,  1852,  pp.  416  and  417. 
No  details  of  facts  have  yet  been  published  by  the  United  States  Geological  Sur- 
vey, but  professor  R.  D.  Irving  who  has  in  charge  the  investigation  of  the  Arch- 
i£an  geology  of  the  Northwest,  has  made,  as  is  understood,  in  person  and  through 
assistants,  extended  observations  about  Gunflint  lake.  Some  of  professor  Irving's 
interpretations  of  the  observations  have  been  published  in  the  Third  and  Ftfth  An- 
nual Reports  of  the  U.  S.  Geological  Survey  as  already  cited  on  page  144  and  in  the 
American  Joumml  of  Science  III.  Volume  xxxiv.  The  present  writer  has  described 
the  unconformities  of  the  Animike  in  Amer.  Jour.  Set,  Oct.  1887,  and  the 
American  Oeologiit,  Jan.  1888,  pp.  14-24. 
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§  13. — NORTH  LAKB. 

This  is  also  knovirn  as  Mountain  lake;  but  I  employ  designations- 
found  on  the  government  plats.  It  lies  on  the  boundary  in  the  form 
of  an  isosceles  triangle  having  the  axis  lying  in  a  position  east-north- 
east and  projecting  into  Canadian  territory,  while  the  base  abuts 
against  the  United  States.  Accordingly,  the  American  shore  embraces 
only  the  base  and  one  side  of  an  irregular  bay  projecting  veestward 
from  the  northern  angle,  and  both  sides  of  a  similar  bay  projecting 
southwestward  from  the  southern  angle  at  the  base.  It  lies  in  town- 
ship 65-2  W.,  and  covers  an  area  about  two- thirds  as  large  asGuuflint 
lake.  Its  altitude  above  lake  Superior  barometrically  ascertained 
by  professor  N.  H.  Winchell  is  1057  feet.  On  the  south  a  ridge  trend- 
ing nearly  east  and  west  and  about  100  feet  high,  separates  it  from 
South  lake;  and  on  the  north  lies  the  continuation  of  the  Giant's 
Range,  rising  to  an  altitude  exceeding  a  hundred  feet.  The  north 
shore  is  deeply  indented  by  bays  and  capes.  A  large  part  of  the  forest 
contiguous  to  the  lake  has  escaped  burning.  A  portage  leads  north- 
ward from  the  Canadian  shores  toward  Northern  Light  lake  and  a 
region  of  considerable  exploitation  for  iron.  The  boundary  portage 
goes  out  from  the  south  side  of  the  lake  in  section  22,  while  the  Gun- 
flint  river  furnishes  connection  with  Gunflint  lake. 

This  broad  stream  out  of  North  lake  is  somewhat  choked  by  Jun- 
cacea?.     Nywphcea  odorata  remains  in  bloom  to  the  end  of  August. 

N.  W.  i,  S.  E.  i,  sec.  17,  T.  65-2.  North  shore  of  Gunflint  river. 
A  low  outcrop  of  syenitic  gneiss — 779. 

The  Gunflint  river  flows  along  the  junction  of  the  gneiss  and  the 
Auimike  formation.  No  rock  exposure  on  the  south  shore  as  far  as 
the  rapids. 

N.  E.  i,  S.  E.  i,  sec.  17,  T.  65-2.  Rapids  of  Gunflint  river.  The 
descent  here  is  about  four  feet  but  our  canoes  were  pulled  up.  The 
amount  of  water  is  small,  as  North  lake  is  the  source  of  the  boundary 
river — of  which  Gunflint  river  is  a  local  name.  Here  are  many  angu- 
lar fragments  of  a  dark  rock  gray wackenitic  looking;  but  a  second 
visit  disclosed  flint  schist  in  place  on  the  south  side 

S.  W.  i,  N.  W.  i,  sec.  16,  T.  65-2,  as  of  Minn.  At  the  widening 
of  Gunflint  river.  Syenite  gneiss  (744)  comes  down  to  the  north 
shore,  containing  abundance  of  well-defined  black  hornblende  and 
white  feldspar  with  a  glassy  quartz. 

N.  E.  i,  N.  E.  i,  sec.  16,  T.  65-2.    South  side  of  bay  near  entrance 
to  the  lake.     Stratified  beds  of  flint  having  a  southeasterly  dip  of 
about  8^ 
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N.  E.  i,  N.  E  i,  sec.  16,  T.  65-2.  Extremity  of  point.  Massive 
dark  granular  rock  (745)  with  much  magnetite  and  disseminated  specks 
of  red  feldspar.  This  rock  is  like  some  seen  where  we  first  enter 
Animike  bay  from  the  north. 

S.  E.  i,  N.  E.  i,  sec  16,  T.  65-2.  South  side  of  point.  Rock  much 
like  the  last.  There  appears  to  be  a  red-weathering  feldspathic  con- 
stituent— in  places  white  or  yellowish  weathering;  also  a  dark  green- 
ish mineral  forming  a  sort  of  groundmass  for  the  delicate  plates  of 
glassy  feldspar  seen  on  fresh  fracture.  There  are  rude  indications  of 
horizontal  bedding. 

Rock  746.    Diabasic?  rock. 

S.  W.  J,  N.  E.  i.  sec.  16,  T.  65-2.  A  low  outcrop  of  gabbro  (747) 
of  finer  than  medium  texture. 

S.  W.  i,  S.  E.  i,  sec,  16,  T.  65-2.  South  side  of  second  point.  A 
low  oatcrop  of  gabbro  of  character  like  the  last. 

Farther  toward  the  southwest  on  the  shore  no  outcrops  were  found. 
The  south  shore,  from  the  western  extremity  to  the  portage  is  also 
without  exposures. 

On  a  second  Tisit  to  North  lake  I  made  a  visit  with  my  brother  to 
the  north  shore  at  departure  of  the  trail  to  Northern  Light  lake.  This 
is  at  the  head  of  the  bay  in  N.  E.  i,  S.  W.  i,  sec.  10,  as  of  Minnesota. 
A  quarter  of  a  mile  from  the  shore  a  hill  rises  on  the  right  75  to  100 
feet  high  and  at  its  foot  (on  the  west)  are  formed  fragments  of  flint 
schist  and  magnetitic  schist.  These  had  apparently  descended  from 
the  hill;  but  we  saw  no  Animike  rocks  in  place.  We  found  gabbro  in 
place,  however,  down  at  the  level  of  the  trail. 

N.  E.  i,  N.  W.  i,  sec.  10,  T.  66-2,  as  of  Minn.  North  shore  of 
North  lake  on  trail  to  Northern  Light  lake,  about  half  a  mile  from 
North  lake.  Here  we  found  gneiss  (778)  in  place,  with  black  mica  and 
much  glassy  feldspar  with  some  opaque  feldspar. 

Some  examination  was  made  beyond  this  point  but  without  observ- 
ing any  change  in  the  geology.  Obviously,  we  find  here  the  foot  of 
the  Giant's  Range,  with  hills  of  gabbro-crowned  Animike  close  fol- 
lowing on  the  south.  The  situation  corresponds  geologically  with 
that  of  Black  Fly  bay  at  the  west  end  of  (junflint  lake. 

Dr.  Norwood  has  the  following  observations  on  North  lake : 

"  On  the  long  point  which  projects  into  Mountain  (North)  lake,  near  the  termi- 
nation of  the  portage  ("from  South  lake,  as  understood)  the  rock  is  schistose,  and 
alternates  with  thin  flinty  layers.    About  a  mile  below  this  point,  on  the  north  side 
of  the  lake,  is  a  low  exposure  of  granite,  which  slopes  down  to  the  margin  of  the 
mke.    It  18  in  low  bosses,  from  ten  to  thirty  feet  in  hight,  which  are  bare,  or  only 
cc/rered  with    mosses  and  lichens.     Back  of  this  is  a  high  ridge,  bearing  east  and 
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wefat,  which  ascends  by  a  series  of  steps  or  plateaus,  covered  principally  with 
fuountain  ash  and  small  maple.  About  one-fourth  the  bight  of  the  ridge  is  a  gran- 
ite exposure  m  loTuch  mastei  of  f hornblende  rock  teere  found  eompUidy  envt^ped, 
t^till  higher  up,  where  the  hornblemle  rock  is  traversed  by  small  granitic  veins,  it 
becomes  somewhat  altered  in  chancter,  and  resembles  diallage  rock.  The  top  of 
the  r\(\ge  is  composed  of  coarsely  crystalline  hornblende.  This  exposure,  like  the 
one  on  the  dividing  ridge  (between  North  and  South  (?)  lakes)  shows  clearly  the 
evidt'uce  of  having  beeo  subjected  to  igneous  action  since  its  upheaval  I  think  it 
highly  probable  that  it  had  a  schistose  structure  prior  to  the  eruption  of  the  gran- 
ite. On  the  top,  many  large,  weather  worn  fragments  of  granite  occur,  but  no 
vein  of  that  rock  was  seen.*'* 

The  statements  made  above  in  reference  to  the  ''hornblende  rock" 
are  not  consistent  with  my  present  knowledge  of  the  region.! 

§   14. — SOUTH  LAKE. 

South  lake,  the  next  eastward  along  the  boundary  lies  mostly  in 
Town  65-2,  west,  and  its  environment  is  physiographically  similar  to 
that  of  North  lake.  A  range  of  hills  from  50  to  150  and  200  feet  in 
altitude  skirts  the  south  shore;  but  there  are  few  rock  exposures  along 
that  shore.  On  the  north  the  features  are  similar,  but  with  frequent 
low  outcrops.  The  north  shore  remains  largely  in  the  possession  of 
green  timber  of  the  original  growth.  Much  growing  birch  and  some 
poplar  occupy  the  lakeward  slopes  of  the  south  side;  but  they  are 
young  trees  dating  from  the  last  general  burning. 

The  general  geology  of  both  shores  is  Animike,  consisting  chiefly  of 
thiu-bedded  black  slates;  but  these  are  capped  extensively,  especially 
along  the  north  shore,  by  sheets  of  gabbro. 

The  elevation  of  South  lake,  as  barometrically  ascertained  by  N.  H. 
Winchell,  is  1,057  feet  above  lake  Superior.  This  is  exactly  the  same 
as  found  for  North  lake,  and  indicates  that  perhaps  a  slack  water  com* 
munication  exists  between  the  two.  Yet  the  known  topoi^raphy  does 
not  favor  such', a  connection;  and  the  fact  that  South  lake  is  drained 
into  lake  Superior,  and  North  lake  into  Hudson's  bay  would  imply 
that  the  identical  elevations  are  simply  a  coincidence  without  special 
cause. 

The  portage  from  North  to  South  lake  lies  chiefly  in  N.  W.  i,  sec. 
22,  T.  65-2  W.  It  passes  southeasterly  over  a  depression  in  the  ridge 
lying  ofi'  the  south  shore  and  is  about  a  quarter  of  a  mile  in  length. 

S  E.  i,  N.  W.  i,  sec.  22,  T.  65-2.    About  half  way  over  the  port- 

*  Norwood  in  Owen's  Qeological  Sorvey  of  Wis.,  Iowa  aud  Minn. 

tSee  reference  to  same  region  lu  Ninth  Ann.  Rep.  Minn.  pp.  80-81.  The  **hornbIende  roek**  local- 
ity of  Norwood  is  Tery  likely  the  same  as  that  at  which  N.  H.  Winchell  obtained  his  rock  No.  305. 
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age.     A  low  ledge  of  gabbro  (748)  extends  along  the'  east  side  of  the 
portage.    It  contains  in  places  much  magnetite. 

Re|ching  the  north  shore  of  South  lake,  only  about  a  mile  of  that 
«hore  belongs  to  the  United  States.  The  course  of  the  survey  is  first 
westward  along  the  north  shore  to  the  western  extremity  and  thence 
•eastward  along  the  south  shore.  The  north  shore  is  mostly  covered 
hy  gabbro. 

S.  W.  i,  S.  W  i,  sec.  22,  T.  65-2.  Here  are  low-lying,  thick  beds 
of  magnetitic  Animike, — 749. 

S  W.  i,  S.  W.  i,  sec.  22,  T.  65-2.  A  crumbling  bluff  of  gabbro  of 
medium  texture.  A  gabbro  cliff,  sometimes  degraded  to  a  crumbling 
slope,  extends  along  this  north  shore. 

No  exposures  of  rock  in  place  occur  along  the  south  shore  of  South 
lake.  The  shore  is  lined  with  rounded  bowlders  mostly  syenitic.  Just 
after  passing  the  inflow  of  the  little  stream  in  sec.  24,  a  hill  rises  on 
the  south,  on  the  slope  of  which  crumbling  gabbro  is  seen;  but  no  rock 
appears  in  place  along  the  entire  south  shore. 

On  a  later  occasion  I  coasted  along  the  entire  northern  shore  of 
"Soath  lake. 

N.  W.  i,  sec.  24,  T.  65-2,  as  of  Minnesota.  Projecting  cape  about 
midway  of  the  north  shore.  Outcrop  of  compact,  medium-grained 
heavy  gabbro, — 777. 

I  observed  gabbro  at  ten  localities  along  the  Canadian  shore  of  South 
lake.  They  are  mostly  exposures  near  water-level,  or  not  over  ten  or 
fifteen  feet  above. 

Dr.  Norwood  has  recorded  remarks  on  the  geology  of  the  shores  of 
South  lake  (which  he  calls  Ashawiwisigaton)  which  are  quite  unin- 
telligible to  me.  Proceeding  from  the  eastward  he  says:  ''The 
twelfth  portage  is  four  hundred  and  forty  paces  in  length,  and  leads 
over  a  low  ridge,  with  numerous  bowlders  of  syenite,  gneiss  and  gran- 
ite, scattered  over  it  to  Ashawiwisigaton  lake.  The  ridge  is  composed 
-of  a  syenitic  rock  underlying  hornblendic  slates  at  the  west  end.  On 
the  shores  of  Ashawiwisigaton  lake,  there  are  constant  exposures  of 
jnetamorphic  slates  in  low  ledges,  rising  only  a  few  feet  above  the 
water  level.  The  last  high  mural  precipice  seen  along  the  boundary 
Jine  (traveling  westward)  was  near  the  lower  end  of  this  lake.  On 
the  American  side,  is  a  ridge  of  syenite  four  hundred  feet  in  hight, 
with  a  rounded  outline  and  rather  gentle  slopes."  (Of  this  he  gives 
.a  figure.) 

This  statement  is  unaccountable  to  me,  since  I  find  Animike  slates 
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and  gabbro  along  the  north  shore,  and  the  same  slates,  at  least  at  one 
point,  within  sight  on  the  south^  shore. 

Bat  he  further  says:  '*The  thirteenth  portage  is  540  paces  long, 
and  leads  over  the  dividing  ridge  between  the  tributaries  of  lake  Su- 
perior and  those  of  Hudson's  bay  to  Mountain  (North)  lake.  The 
rock  forming  the  summit  of  the  ridge  is  syenite^  associated  with  mas- 
sive hornblende.  (This  does  not  appear  on  the  portage  nor  on  the 
summit.  On  the  contrary,  gabbro  appears  along  the  portage).  On 
the  long  point  which  projects  into  Mountain  (North)  lake,  near  the 
termination  of  the  portage,  the  rock  is  schistose,  and  alternates  with 
flinty  layers."* 

§   15. — RAT  LAKB. 

This  is  a  very  small  lake  not  deserving  of  mention  except  in  a  com- 
plete enumeration.  It  is  reached  by  portages  both  from  the  west  and 
the  east.  It  is  about  half  a  mile  long  from  north  to  south,  and  a 
quarter  of  a  mile  wide  from  east  to  west.  The  portage  to  it  from  the 
west  is  at  least  a  quarter  of  a  mile  long — three  times  the  length  shown 
on  the  plat.  The  little  stream  destined  to  become  Pigeon  river  flows 
on  the  north  of  the  trail.  Rat  lake  is  mostly  filled  with  reeds  and 
rushes. 

S.  E.  h  N.  E.  i,  sec.  19,  T.  65-1,  as  of  Minn.  East  side  of  Rat 
lake  near  portage  eastward:  A  small  hill  having  on  the  slope  gray 
slates  in  horizontal  outcrop,  and  at  the  summit  a  fine,  iron-gray  rock 
with  vertical  jointage  like  gabbro,  and  no  horizontal^  bedding.  It  is 
the  same  kind  of  rock  as  I  styled  fine  noryte  in  Animike  bay,  and  I 
will  so  style  it  here. 

Rock  750.     Gray  Animike  slate. 

Rock  751.     Fine  uoryte  resting  on  the  slate. 

§   16. — ROSE   LAKE. 

Rose  lake,  also  called  Mud  lake,  is  a  slender  serpentine  body  of 
water  lying  on  the  national  boundary  in  Town  65-1  west.  Its  width 
along  the  western  half  is  not  over  a  quarter  of  a  mile.  In  the  middle 
is  a  deep  broad  bay  setting  southward,  and  the  eastern  half  has  a 
mean  width  of  about  two4hirds  of  a  mile.  Four  deep  broad  capes 
indent  the  shore-line  on  the  north.  High  Animike  hills,  gabbro- 
crowned  overlook  the  lake  from  the  south  from  altitudes  of  125  to  300 
feet.    The  immediate  shore  is  fringed  with  a  dense  forest  of  young 

On  thi«  ridge  and  ad j  iceiit  gctilogy,  seenli»o  Xinth  Ann    Rep   Minn  Siurv  18S0,  p  8(^81. 
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birches  along  the  western  half,  while  old  Norway  pines  and  spruces 
replace  them  alon^  the  eastern  half.  The  country  along  the  north 
shore  is  bat  little  elevated,  and  is  largely  covered  with  original  forest, 
the  birch  and  poplar  being  most  conspicuons  toward  the  western  end. 
Within  a  mile  of  the  eastern  extremity  the  Arrow  river  goes  out  from 
the  north  shore  toward  Arrow  lake  three-fourths  of  a  mile  distant. 
Nearly  opposite  the  exit  of  this  stream.  Pigeon  river  goes  out  on  the 
south  side,  but  eastward  toward  Rove  lake.  The  lake  is  reported  1,022 
feet  above  lake  Superior. 

Actual  outcrops  of  rock  along  the  shore  lines  are  few;  but  such  as 
occur  reveal  the  uniform  presence  of  the  black  nearly  horizontal  Ani- 
mike  slates  overlaid  by  gabbro. 

N.  E.  i,  S.  E.  i,  sec.  19,  T.  65-1.  End  of  portage, from  Rat  lake. 
Low  outcrop  of  gabbro  (762),  fine  and  abounding  in  magnetite. 

Rose  lake  mountain  to  the  south  of  this  locality  rises  with  a  para- 
bolic sweep  from  the  shore  to  the  vertical  gabbro  wall  which  rests  on 
its  summit.  It  stands  a  quarter  of  a  mile  back  from  the  western  part 
of  the  lake.  It  rises  fully  200  feet,  and  from  its  isolation  it  seems 
very  conspicuous.  The  gabbro  structure  is  distinctly  basaltic.  I  took 
a  photograph  from  the  nearest  point  opposite,  but  the  distance  was 
rather  too  great.  * 

f  Rose  lake  is  shallow  and  much  grown  with  rushes.  An  extraordi- 
nary amount  of  white  birch  grows  on  the  south  shore;  but  as  the  land' 
rises  these  give  way  to  spruces,  which  alone  hold  possession  of  the 
high  ridges. 

S.  E.  i,  N.  E.  i,  sec.  20,  T.  65-1.  The  gabbro  (753)  comes  down  to 
the  shore,  and  that  at  a  point  only  about  three-fourths  of  a  mile  dis- 
tant from  the  summit  where  it  stands  150  feet  high.  It  is  not  likely, 
however,  this  difierence  in  altitude  indicates  the  original  thickness; 
for  the  Animike  must  have  been  much  eroded  before  the  gabbro  was 
erupted. 

N.  W.  i,  N.  W.  i,  sec.  21,  T.  65-1,  as  of  Minn.  Gabbro,  with, 
lumps  of  waxy  feldspar,  up  to  one  and  a  half  inches  in  diameter. 
This  is  like  gabbro  seen  on  Animike  bay  and  in  many  other  places. 

8.  E.  i,  S.  W.  i,  sec.  22,  T.  65-1.    A  beetling  bluff  of  columnar 
Ktbbro  (754)  at  entrance  to  the  bay  protruding  southward  toward  Dun- 
<te's  lake.    At  base,  near  the  water,  it  is  fine  and  gray  wackenitic. 
looking,  but  contains  fine  prisms  of  glassy  feldspar.    On  the  opposite- 
^de  of  the  bay  is  a  gabbro-crested  hill  150  feet  high. 

N.  E.  i,  N.  W.  i,  sec.  27,  T.  65-1.  Stair  portage  to  Duncan's  lake. 
A  smart  stream  comes  roaring  down  in  a  (Cataract  of  at  least  sixty 
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feet.  The  portage  is  much  worn.  It  ascends  by  a  series  of  steps  cnt 
in  the  earth  and  rocks.  This  is  a  frequented  route  to  Birch  lake, 
DanieVs  lake  and  the  whole  region  southward  Gabbro  is  the  forma- 
tion passed  over  here,  and  gabbro  reveals  itself  on  all  hands,  in  decay- 
ing cliffs  and  rubbish-strewn  slopes. 

Dr.  Norwood  calls  this  stream  the  Wisacod<''  river.  He  says  the 
portage  over  is  about  a  thousand  yards  long,  and  crosses  a  ridge  over 
three  hundred  feet  in  hight. 

S.  E.  i,  S.  E.  i,  sec.  22,  T.  65-1.  Animike  slates  (755)  outcrop  in 
the  usual  horizontal  position.  They  are  here  a  heavy  black  thin 
bedded  argillyte. 

.  From  mouth  of  Stair  Portage  bay  one  sees  on  the  Canadian  side, 
an  enormous  gabbro  bluff  facing  westward.  I  estimate  it  as  75  feet 
perpendicular. 

There  are  no  more  exposures  eastward  as  far  as  the  portage.  This 
does  not  go  out  at  Ihe  stream  as  indicated  on  the  plat;  but  over  a 
quarter  of  a  mile  beyond. 

N.  E.  i,  N.  E.  i,  sec.  24,  T.  65-1.  On  the  portage  from  Rose  lake 
to  Rove  lake,  one-third  of  mile  from  the  latter.  Magnetitic  and  brec- 
ciated  Animike — rock  756. 

This  is  tne  variety  which  seems  to  stand  vertical.  I  looked  carefully 
for  the  Knife  lake  slates,  but  the  formation  was  atjFftys  gabbroloid— 
not  well  formed  gabbro. 

This  portage  proves  to  be  about  a  mile  and  a  half  long,  by  the  wind- 
ings. It  is  comparatively  little  frequented.  It  is  hilly  and  stony 
and  overgrown.  It  is  to  be  avoided  as  much  as  possible.  I  have  a 
suspicion  that  the  usual  route  is  south  of  the  boundary,  by  Duncan's, 
Birch  and  Daniel's  lakes. 

I  looked  for  signs  of  Animike  slates  all  the  way,  but  only  saw  quite 
numerous  fragments  of  black  slate,  about  a  third  of  a  mile  from  Rove' 

■ 

lake 

§    17.— BOVE  LAKE. 

Rove  lake  lie:>  in  sections  19,  20,  21,  22, 15  and  16  of  Township  66-lE. 
having  a  length  of  about  four  miles,  with  a  mean  width  of  half  a  mile 
or  less.  It  consists  of  two  parts  connected  by  a  narrow  neck  of  slack 
water.  The  eastern  part  is  called  Watab  lake  by  Dr.  Norwood,  and 
the  western  part  is  spoken  of  simply  as  "several  small  ponds  con* 
nected  by  a  txarrow  stream."  The  eastern  part  is  arcuate  in  form 
^nd  lies  witlx  its  mean  axis  precisely  northeast.  The  western  part 
wrbicb  18  a     c^^jxuine  lake,  with  a  wide  constriction  near  the  eastern 
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endy  lies  in  a  direction  east  southeast,  ffear  ifae  western  end  of 
the  eastern  part  is  a  deep  constriction  narrowing  the  lake  to  fifty 
feet.  The  land  on  the  north  is  a  point  projecting  northeastward,  with 
a  little  bay  behind  it.  The  point  is  about  eight  rods  wide,  and  the 
bay  about  twelve.  The  point  I  named  Camp  Reunion.  Almost  di^ 
rectly  opposite  rises  the  loftiest  slate  and  gabbro  hill  thus  far  seen.. 
This  I  named  Mount  Reunion.  In  entering  the  lake  from  the  nar-^ 
rows  this  hill  is  a  very  conspicuous  and  impressive  feature.  It  appears. 
as  if  a  mountain  had  been  cleft  asunder  by  a  vertical  blow  and  one- 
half  completely  removed.  Photographic  views  were  taken  of  this,  but 
they  will  not  appear  in  the  annual  report.  At  the  summit  is  a  ver- 
tical cliff  of  gabbro  rudely  columnar  estimated  at  80  feet  in  hight. 
This  faces  southwest,  west  and  north.  Beneath  this  vast  wall  is  a 
precipice  of  slate  whose  Iu)rizontaI  stratification  is  apparent  from 
Camp  Reunion.  The  tendency  to  columnar  features  extends  down 
thirty  feet  into  the  slate.  This  portion  of  the  mountain  presents 
also  a  vertical  face,  and  is  estimated  at  80  feet.  Below  this  Vies  a 
talus  of  dark  angular  fragments  sloping  at  an  angle  of  45""  toward  the 
lake.  The  upper  portion  of  this  is  naked  for  an  altitude  of  fifty  feet. 
The  lower  portion  of  the  slope  becomes  less  steep^  and  is  concealed 
and  partly  covered  by  a  dense  growth  of  young  poplars  (Populus  ire- 
WMtUMes).  The  wsakk^^X  altitude  of  this  part  of  the  talus  is  about  75 
feet.  Mount  ReuHon  therefore  is  estimated  to  have  an  elevation  of 
386  feet  above  Rove  lake.  Dr.  Norwood  puts  it  at  "over  300  feet,*' 
and  this  may  be  more  accurate.  f 

Mount  Reunion  is  the  first  of  a  succession  of  lofty  hills  ranged 

along  the  south  side  of  Rove  lake,  each  of  which  is  vertically  chiseled 

off  on  the  lakeward  aspect,  and  all  of  which  run  together   at  their 

bases  into  one  continuous  range.     Their  altitudes  reach  well  toward 

tkree  hundred  feet.     Still,  outcrops  along  the  water-line  are  few;  and 

the  lower  flanks  of  the  range  are  covered  with  a  belt  of  handsome 

green  poplars,  Prown  since  the  last  general  burning.  The  north  shore 

is  depressed,  and  rocky  outcrops  are  there  also  of  rare  occurrence. 

The  point  called  Camp  Reunion  is  a  mass  of  angular,  hard  ringing 

fngments  of  a  dark,  cryptocrystalline  rock  having  a  very  eruptive 

aspect. 

At  the  west  end  of  Rove  lake  are  three  abandoned  log  cabins.  They 
appear  to  contain  merely  a  few  articles  used  in  a  winter  camp,  and 
are  reported  as  belonging  to  the  Mayhews  at  Grand  Marais.  On  the 
ftorth  a  road  had  been  at  some  time  cut  out.  Southward  a  cut-out 
road  or  portage  extends  to  Daniel's  lake  and  thence  to  Grand 
Marais. 
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N.  £.  i,  S.  £.  i,  sec.  20,  T.  65-1 E.,  as  of  Minn.  Camp  Reanion. 
This  point  is  an  old  pile  of  gabbro  all  gone  to  fragments.  There  is 
very  little  soil,  and  that  is  mingled  with  the  ashes  of  a  former  burn- 
ing. The  point  is  now  all  densely  overgrown  with  young  poplars, 
birches,  pines  and  alders.  The  fragments  are  all  quite  angular.  The 
point  seems  a  mere  pile  of  them  10  or  12  feet  high.  A  few  rounded 
syenite  bowlders  are  intermingled. 

N.  E.  i,  N.  W.  i,  sec.  21,  T.  65.1E.,  as  of  Minn  A  low  outcrop 
of  rock  with  dark  weathered  surface  like  iron  (757)«  and  when  broken, 
still  looks  in  color  and  texture  like  fine  iron — darker  than  steel.  It  is 
al80  very  heavy.  It  belongs  to  that  formation  so  often  seen  outcrop* 
ping  similarly,  and  always  resembling  iron.  This,  as  in  other  cases, 
is  considerably  below  the  level  at  which  Animike  is  seen  on  the  moun- 
tain side.  If  the  iron  bed  belongs  in  the  Animike  as  I  have  heretofore 
been  led  to  believe,  its  position  here  must  be  at  least  200  feet  below 
the  summit  of  the  formation,  or  there  must  be  a  fault  between  this 
point  and  the  mountain  along  the  south  shore.  But  I  have  supposed 
the  Animike  iron  bed  to  belong  near  the  top  of  the  formation;  and  if 
this  is  altered  Animike  there  certainly  is  a  fault  along  the  axis  of  Rove 
lake.  If,  on  the  contrary,  this  iron  bed  belongs  in  the  gabbro,  which 
for  the  present  seems  likely,  it  is  not  the  equivalent  of  the  bed  seen 
about  the  west  end  of  Qunflint  lake  but  of  the  depo^^subsequently  seen 
about  Iron  lake.  This  being  assumed,  it  becomesKvident  that  the 
overflow  of  gabbro  covered  a  country  already  deeply  eroded — a  surface 
already  very  anciei^.  Hence,  when  later  erosion  carried  away  the 
gabbro  along  the  slope  (as  at  A,  fig.  50  the  slate  became  exposed,  and 
gabbro  remained  both  at  the  higher  level  and  a  lower. 


.50 
Fig.  60. — Eroded  surface  receiving  a  flow  of  gabbro. 

N.  E.  i,  N.  W.  i,  sec.  22,  T.  65-lE.  A  rod  back  from  the  shore 
and  concealed  by  bushes  is  a  wall  of  vertically  jointed  compact  rock, 
composed  of  a  dark  base  and  uniformly  distributed  specks  of  red  feld- 
spar.    This  is  the  same  as  often  seen  heretofore. 
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Rock  75&     Fine  uory te  ? 

N.  W.  i,  N.  E.  i,  sec.  22,  T.  65-lE.  This  is  only  half  a  mile  from 
the  last.  Outcrop  of  decaying,  rusty  black,  horizontally  lying  Ani- 
mike  slates  (759),  with  fine  noryte  above,  in  clear  contact.  The  nory te 
is  exactly  like  that  last  mentioned. 

The  little  used  portage  from  Rove  lake  to  Mountain  lake  is  about  a 
third  of  a  mile  long. 

N.  W.  i,  N.  W.  i,  sec.  23,  T.  65-lE.  On  the  portage.  Noryte 
outcrops  in  angular-splitting  masses  at  frequent  intervals  along  the 
portage. 

§   18. — MOUNTAIN  LAKK. 

This  lake  is  six  and  a  half  miles  in  length,  lying  on  the  boundary 
in  Towns  65-1  and  2  east,  and  with  an  average  breadth  of  about  half  a 
mile.     The  south,  or  Miniiesota  shore  is  little  indented;  but  the  north 
shore  presents  two  deep  bays  penetrating  half  a  mile  inland,  and  sev- 
eral land  indentations.     Off  the  south  shore  is  a  continuation  of  the 
high  range  described  under  Rove  lake,  and  it  is  similarly  broken  into 
a  snccession   of  imposing,  gabbro-capped  hills,  with  parallel-bedded 
dark  schists  underlying  and  fragmental  taluses  stretching  toward  the 
lake.     Several  of  these  hills  reach  an  altitude  of  250  to  300  feet  above 
the  lake;  and  farther  back  are  summits  said  to  be  feet  375  high — 
being  1,527  feet  above  lake  Superior  and  2,129  feet  above  sea-level.    The 
north  shore  is  not  elevated  and  the  surface  comes  [down  generally  to 
the  lake-level.     This  is  specially  true  of  the  western  part.     Farther  in 
the  back  ground,  however,  hills  are  seen  rising  apparently,  in  one  in- 
stance, as  much  as  200  feet  above  the  lake.     Notwithstanding  the 
rocky  character  of  the  region  on  the  south,  the  outcrops  are  few.    The 
talus  appears  generally  to  have  reached  the  water-line.     On  the  north 
-chore,  however,  which  I  meandered  watchfully,  I  recorded,  besides  the 
^ops  which  will  be  described,  twenty-two  low  outcrops  of  gabbro. 

The  vertical  gabbro  crests  along  the  south  shore  appear  to  be  gen- 
erally 50  to  75  feet  high;  and  the  vertical  slate  cliffs  next  below  are  of 
bout  the  same  hight.     The  line  of  junction  between  the  gabbro  and 
he  slate  can  be  seen  distinctly  from  the  lake;  and  the  horizontal  po- 
dtion  of  the  slates  is  very  obvious.     The  vertical  hight  of  the  talus 
f  the  principal  summits  is  about  75  feet. 
The  original  forest  of  the  south  shore  has  been  destroyed  by  burn- 
^^3g.     The  only  trees  living  are  a  new  growth  of  poplars  fringing  the 
^>^ach.     Burnings  have  not  reached  the  north  shore  except  toward 
^^e  eastern  end.     In  the  middle  portion  of  the  north  shore,  a  heavy 
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point — c<o&ni:;  'A  trzzL'.'^zs.t  t^Tfr^yit  :c  tfcffk  4«o:r-  axri  rf  gaW 

Sons*:  of  tt*  f  k*>bTO 

are  mi:c'n  ^^rcrxiiixaL 

The  §hor«  i*  «x&e«i:-^]T  SrOScc.jC->ai  Besvoex  ibe  vatcr-iiae  aad 
the  talaf  i§  a  fl>p!r  o:  a»^?  £fi<«^  ae-£7«£««  -::zif'>raL}T  cotcriI  vitk  a 
deDBe  ;frowxL  of  jo-r^  ;^lan.  Tr.*  si-il  gc  wrkk  i1«t  ^tw  ctM* 
bIbii  iDort>  of  ua^Iar  fra^s^ta't  of  za':-bro  azd  crsB'&li^  $k«ets  of 
dark  arjn-^j'^-  A^ot«  ii.is  rr^en.  v.»i£-i  Uope  eoset  tbe  tains, 
C'on^fftin;?  of  Ifcr^e  ir^zzz^Xkis  of  :L<*  &ai»e  fon.  'Xi  wkicb  tkere  is  bo 
K>il ,  or  safetT  for  ir«e  crovih.  Over  tki«,  fragmeni^  iAr]K«  ^Mi  wmwSL, 
are  occ-afiozikjij  pre<:p;ta^bi.to  &p»  harrieii  doAi  the  ;al3f  slope  of  aboot 
45*.  Tbif  vork  niT^ft  b«  more  rapid  in  vint^r  and  sptisg.  Erideatly 
the  mabs  of  the  talu  i«  augmenting,  itc  rertieal  £:gkt  increaaiBg,  and  ^ 
that  of  the  precipice  dimicisbing  EridentiT,  also,  the  precipitons 
face  will  eT<rn:iial]T  become  corered  bj  the  growing  talos,  and  evid- 
CDtlr.  since  thia  work  is  not  already  accompiished,  the  present  course 
of  change  faa§  been  in  progren  but  a  limited  period. 

X.  W.  ^,  X  E  i,  sec.  21,  T.  d5-2£.  Xearlj  opposite  the  ea>tem 
conetricti'jn  of  Moontain  Uke.  Here,  a  rod  back  from  shore,  is  a 
slope  of  45',  composed  of  angular  fragments.  The  rock  is  a  darker 
varietT  of  norrte  (W)).  than  I  have  seen  before.  It  is  also  exceed- 
ingly fine,  and  heavier  than  nsnal.  I  would  call  it  diabase,  except 
that  its  association  with  gabbro  perhaps  indicates  the  presence  of  a 
basic  plagioclase. 

Near  the  ea^tt  end  of  the  lake,  the  gabbro  range  is  lower,  and  the 
crowning  cJiff  has  already  become  concealed  or  nearly  so,  by  the  ris- 
ing tnliis,  which  here  slopes  almost  to  the  water*:^  edge.  But  at  the 
end  are  two  bluffs  with  high  precipices  remaining.  These  appear  to 
havi*  been  originally  higher  than  the  last  mentioned. 

[n  the  hill  at  the  end  of  the  lake  the  slates  can  be  seen  beneath  the 
precipice  of  gabbro. 

On  the  return  I  meandered  the  entire  northern  shore  of  Mountaini — 
hike.  Along  the  whole  shore  the  only  rock  in  place  is  gabbro.  It^ 
occurs  mostly  in  low  bluffs  at  the  water's  edge — some  of  it  in  heavy, 

nearly  horizontal  beds.     But  there  are  some  cliffs  close  on  shore  with * 

an  elevation  of  15  to  20  feet.     The  exposures  are  decidedly  frequent*.^--* 
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I  landed  at  twenty-four  points — all  of  gabbro.     Yet  there  are  consid- 
erable stretches  without  outcrops. 

N.  W.  i,  S.  E.  i,  sec.  U,  T.  65-2E.  Portage  out  of  Mountain  lake 
eastward.  On  the  Canadian  side  of  the  stream,  on  which  the  portage 
lies,  I  ascended  the  hill  to  the  summit,  and  found  it  formed  of  coarse 
crumbling  gabbro.  The  gabbro  makes  here,  as  everywhere,  a  conrse 
brown  soil  colored  by  iron  peroxide. 

This  is  the  hill  on  which  I  discovered  the  unusual  species  of  blue- 
berry mentioned  in  the  introduction  Here  also  I  observed  the  shad- 
trog  mentioned. 

This  portage  eastward  out  of  Mountain  lake,  also  little  traveled.  fs> 
about  a  third  of  a  mile  long,  and  joins  the  Pigeon  river  below  the 
rapids.     The  river  soon  widens,  and  is  so  filled  with  scouring  rushes- 
as  to  be  nearly  impassable.     This  swell  is  known  as   ''Upper  Lily 
lake." 

After  a  quarter  of  a  mile  of  boatable  water,  another  much  neglected 
portdge  of  a  quarter  of  a  mile  occurs,  on  the  Canadian  side  of  the- 
rapids,  leading  to  another  small  swell  in  the  river  which  is  sometimes 
denominated  "Lower  Lily  lake.*'  This  continues  for  a  quarter  of  a 
mile,  when  other  rapids  occur,  and  we  enter  on  the  portage  which 
terminates  on  Moose  lake.  This  portage  lies  also  on  the  north  side  of 
the  river,  and  is  about  two-thirds  of  a  mile  in  length.  A  range  of 
gabbro  continues  along  the  south  side  thus  far,  but  it  i.s  less  than  a 
hundred  feet  in  hight.     The  portage  is  bad. 

S.  W.  ],  S.  E.  i,  s«c.  13,  T.  65-2E.  American  side,  near  entrance  to 
portage  from  Lower  Lily  lake  to  Moose  lake.  Coarse  gabbro  (761) 
with  a  large  percentage  of  iron. 

Similar  gabbro  occurs  at  the  portage  on  the  Canadian  side. 

N.  E.  i,  N.  E.  1,  sec.  24,  T.  65-2  E.  On  the  same  portage,  one- 
eighth  mile  from  Moose  lake.  On  the  Canadian  side,  a  knob  of  Ani- 
mike  breccia  outcrops  from  the  hill  slope. 

On  the  American  side  of  Pigeon  river,  a  range  of  gabbro  overhangs 
the  stream,  all  the  way  to  Moose  lake. 

S    19. — MOOSE   LAKE. 

Mouse  lake  lies  in  the  western  half  of  Township  65-3  east.  Its 
longer  axis  stretches  east  southeast  and  is  three  and  a  half  miles  long. 
The  lake  has  a  mean  width  of  a  mile.  The  contiguous  country  pre- 
sents an  aspect  not  materially  different  from  that  surrounding  Moun- 
tain and  Hove  lakes.  The  gabbro-crest?d  hills  on  the  south  attain 
35 
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elevations  as  great;  and  the  north  shore  is  similarly  depressed.  A 
mile  back,  however,  on  the  Canadian  side,  reveals  toward  the  north- 
east two  strikingly  elevated  summits,  but  perhaps  not  over  three  hun- 
dred feet. 

The  country  on  the  south  side  is  mostly  burnt  over;  but  near  the 
shore  is  frequently  stocked  with  young  poplars.  On  the  north  side 
Norway  pines  abound  on  the  west  and  also  on  the  east,  but  consider- 
able burnt  country  intervenes. 

There  arc  few  outcrops  on  the  shore-line  of  the  south  side.  I  noted 
gabbro  at  seven  points  in  low  outcrops,  along  the  Canadian  side 

After  examining  the  south  shore  for  the  distance  of  a  mile  and  a 
half,  from  the  west  end,  and  finding  no  rocks  in  place,  I  ascended  the 
hill  about  eighty  feet  and  discovered  a  ledge  of  slate.  There  is  no 
gabbro  visible  from  this  point,  but  it  can  be  seen  from  the  opposite 
shore  at  a  higher  altitude,  resting  on  horizontal  slate. 

S.  E.  i,  S.  W.  h  sec.  20,  T.  65  3E.  The  slate  is  much  shattered, 
and  the  talus  slope  is  mostly  overgrown  with  small  cherry  bushes. 
Most  of  the  slate  is  in  layers  from  half  an  inch  to  an  inch  thick;  some 
in  beds  of  several  inches  and  quite  solid.  The  solid  beds  are  dark, 
fine-grained,  heavy,  identical  with  the  fine  rock  which  I  have  often  seeUf 
always  feeling  doubtful  about  its  relations  to  erupted  material.  Here 
it  is  distinctly  embraced  in  beds  of  sedimentary  character.  If  erup- 
tive, they  can  only  be  intrusive.  The  thinner  layers,  however,  are 
similar  in  color,  texture  and  weight.  Occasionally,  is  a  layer  of 
darker  color,  evidently  from  the  abundance  of  magnetite. 

Rock  762.     Three  varieties  of  Animike. 

Farther  east,  this  same  cliff  is  completely  covered  by  the  talus  slope, 
but  so  recently  that  no  soil  has  yet  accumulated  for  the  growth  of 
shrubs,  except  in  patches 

Still  farther  east,  the  ledge  reappears,  and  the  uncovered  talus  slope 
is  about  two  rods  wide.  The  slate  ridge  gradually  approaches  the 
shore  Here  is  an  other  occurrence  of  gabbro.  This  is  in  the  N.  W. 
i,  N.  E.  i,  sec.  28,  T.  65*3£.  Gabbro  is  again  seen,  a  quarter  of  u 
mile  east,  on  another  hill  not  over  50  feet  in  bight. 

S.  E  i,  S.  E.  i,  sec.  21,  T.  66-3E.  Half  mile  from  foot  of  Moose 
lake.  Outcrop  of  horizontally  bedded  slate.  The  beds  are  two  to 
four  inches  thick,  and  of  similar  character  to  that  last  described. 

S.  E.  i,  S.  W.  1,  sec.  22,  T.  65-3E.  At  portage  east  out  of  Moose 
lake.  Gabbro  on  Canadian  side,  coarse,  altered  by  weathering,  as 
usual,  with  much  magnetite — 763 
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Bock  761.  Animike  from  shore  fragmeafc— >apparently  almost  pure 
magnetite. 

N.  W.  i,  S.  E.  i,  sec.  18,  T.  66.3E.,  as  of  Minn.  North  shore  of 
Moose  lake.  A  low  outcrop  of  probably  gabbro,  of  dark  gray  color^ 
and  scattered  slender  crystals  of  glassy  feldspar.  I  have  seen  the 
flort  before. 

Rock  776.     Peculiar  gabbro.     North  shore  of  Moose  lake. 

I  passed  along  the  entire  north  shore  and  identified  gabbro  at  sev- 
eral  localities,  but  saw  no  slate.  There  is  no  range  of  hills  along  the 
shore. 

§  20.— NORTH   FOWL   LAKE. 

This  and  South  Fowl  lake  are  by  Dr.  Norwood  designated  jointly 
**  Lac  du  Coq";  but  in  the  terms  of  the  Webster- Ash  burton  treaty 
they  are  named  as  in  this  report.  North  Fowl  lake  has  an  outline 
resembling  the  vertical  section  of  a  fleshy  mushroom.  The  stem  is 
directed  southward.  The  north  and  south  dimension  of  the  lake  is 
two  miles,  and  the  width  of  the  cap  is  two  miles.  The  lake  is  nested 
in  a  depression  among  high  gabbjo-crowned  hills  These  are  not  less 
conspicuous  on  the  Canadian  than  on  the  American  side. 

The  poriage  east  out  of  Moose  lake  is  really  about  three-fourths  of 
a  mile  long,  though  the  plat  shows  less.  It  is  crooked,  rough  and  over- 
grown with  bushes:  and  like  the  other  trails  aloug  this  part  of  the 
boundary  appears  to  be  little  used.  The  clearing  at  the  termination 
marks  the  site  of  a  former  winter  house  of  the  Hudson's  Bay  company. 
Pigeon  river  is  now  a  good  sized  creek,  flowing  more  rapidly  than 
fiurntside  river,  but  probably  carrying  about  the  same  amount  of 
"^ater. 

A  gabbro  and  slate  range  runs  parallel  with  the  river,  on  the  south 
tside,  and  the  same  range  extends  along  the  southwest  shore  of  North 
Fowl  lake.  The  gabbro,  which  was  nearly  interrupted  along  Moose 
lake,  near  the  shore,  shows  a  thickness  here  of  40  to  60  or  75  feet. 
The  gabbro  crests  also,  lie  nearer  the  level  of  the  lake.  A  very  high 
gabbro  cliff,  however,  is  seen  on  the  Canadian  side,  which  I  estimate 
at  250  feet  above  the  lake;  and  a  series  of  four  others,  diminishing 
in  altitude,  succeeds  southward. 

On  the  American  side,  in  section  26,  is  the  highest  precipitous  fao 
of  gabbro  which  I  have  seen.  I  think  what  is  visible  above  the  talus 
rises  90  feet — all  gabbro — and  its  base  is  not  over  eight  feet  above  the 
lake.     The  range  strikes  from  here  southward. 
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This  liike  is  much  grown  with  rushes  and  wild  rice,  especially  on 

le  Americau  side. 

A  gabbro  range  is  seen  again  on  the  south,  gradually  rising  toward 
he  northeast;  and  behind  this,  more  easterly,  another.  Both  present 
)recipitous  fronts  toward  the  lake.  Still  farther  south  is  a  higher 
range,  rising  probably  300  feet,  and  showing  a  long  perpendicular  wall 
facing  northward.  This  is  a  mile  from  the  lake,  on  the  American 
side, — the  intervening  distance  being  low  and  level,  and  beginning 
with  an  extensive  tamarack  and  spruce  swamp.  These,  however,  face 
South  Fowl  lake,  and  separate  it  from  Roy  lake. 

Coming  into  Pigeon  river  again,  we  find  a  broad,  deep,  clear,  stream, 
forty  feet  wide,  and  bordered  by  a  marsh  averaging  a  quarter  of  a 
mile.     The  marsh  abounds  in  wild  rice,  cane  and  an  aquatic  grass 

Pigeon  river  issues  half  a  mile  northeast  of  the  extreme  point  of 
North  Fowl  lake.  At  that  extreme  point,  a  small  stream  comfs  in 
from  Roy  lake,  discharging  the  waters  of  Uoy,  John,  McFarland  and 
Pine  lakes.  In  ascending  this  stream,  within  less  than  half  a  mile, 
vertical,  thin-bed<led  slates  are  seen  in  the  bottom,  obstructing  navi- 
gation. They  are  of  an  ashen  color,  and  apparently  would  make  good 
roofing  slates.  This  is  in  sec.  2,  T.  64,  R»  3  E.  This  information  is 
obtained  from  Capt.  Wm.  P.  Spalding,  of  Sault  Ste  Marie. 

Supposing  the  information  correct,  the  vertical  ash -colored  slates 
can  be  no  other  than  the  Kewatin  formation  so  extensively  developed 
north  of  Gunflint  lake.  This,  then,  is  the  most  easterly  point 
at  which  that  formation  \\i\s  been  identified  in  northeastern  Minne- 
sota. 

On  sections  4  and  5,  T.  64-!fE.  Ca])t  Spalding  has  located!  a  quartz 
vein  said  to  bear  native  silver  and  gold  on  the  foot  wall.  Closa  by, 
are  what  he  regards  as  ^'ancient  diggings/*  on  the  south  side  of  •'lake 
Miranda.*'  I  have  not  seen  Capt.  Spalding's  location,  but  I  have 
seen  a  sample  of  the  gangue  said  to  hold  silver  and  have  in  my  pos- 
session numerous  photographs  of  the  vertical  quartz  vein  and  the 
surrounding  region.* 

^  21. — SOUTH   FOWL  LAKE. 

South  Fowl  lake,  the  last  on  the  national  boundary,  trends  m  rid- 
ionally  with  its  longer  axis  which  is  a  mile  and  a  quarter  in  length. 

*  Por  an  account  of  Spnldioi{*0  mining  location,  and  of  the  "  ancfcnt  (li^Kinp^.**  M>-caII»d,  #oe  N 
H.  Winchell,  In  Scvtnth  Ann.  H'-jt.  G'oL  Minn  ,  rp.  Vi-20.  The  Hjinie  rtport  idnitiina  accuunU  of  al 
other  mining  locations  in  the  vtcinity.    See  page«i  1 1  to  22. 

A  fhrther  dcucription  oftho  ficenlogy  of  the  rezion  h:  X.  II.  Winchell  In  containGiI  in  the  yinth  Am 
J  J-VJ. 
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The  east-west  diameter  is  two-thirds  of  a  mile.  The  stream  connect- 
ing it  with  North  Fowl  lake  is  broad  and  deep,  with  a  barel}*  percept- 
ible current.  It  widens  gradually  into  the  lake.  The  upper  end  of 
the  lake  presents  a  wide  expanse  of  wild  rice  and  grasses  and  seems  to 
be  a  continuation  of  the  river. 

The  high  gabbro  hills  mentioned  above  look  down  on  the  lake  from 
the  west  and  south.  The  outlet  is  through  a  gabbro  gateway.  Through 
this  the  river  passes  over  a  succession  of  rapids  for  over  a  mile;  and 
nowhere  below  do  the  conditions  exist  for  the  accumulation  of  another 
lake,  until  the  stream  is  discharged  into  lake  Superior. 

S.  W.  J,  N.E.  i,  sec.  12,  T.  64-3E.  An  exposure  on  the  hill  side 
a  quarter  of  a  mile  west  of  the  outlet  of  South  Fowl  lake  a  few  rods 
back  from  the  shore  was  examined.  It  is  nothing  but  the  familiar 
coarse  crumbling  gabbro. 

S.  W.  i,  N.  E.  i,  sec.  12,  T.  Gi-SE.  West  side  of  outlet  of  South 
Fowl  lake.  On  this  side  of  the  gabbro  gateway  rises  a  precipitous 
wall  to  a  hight  of  nearly  200  feet  above  the  lake.  The  vertical  ascent 
is  about  120  feet.  The  gabbro  where  unweathered,  is  of  medium 
coarseness,  abounding  in  magnetite. 

In  the  midst  of  the  face  of  gabbro  is  a  vertical  dike  27  feet  wide, 
which  exhibits  a  horizontal  bedded  or  quasi-columnar  structure.  The 
beds  (or  columns)  are  six  to  ten  inches  thick,  and  placed  between  the 
vertical  columns  of  gabbro,  present  from  the  lake,  the  appearance  of 
a  tier  of  shelves.  The  dike  intersects  the  whole  exposed  face  of  the 
gabbro  from  summit  to  upper  boarder  of  the  talus.  It  wears  away 
more  rapidly  than  the  gabbro,  and  hence  appears  in  a  shallow  recess. 

The  dike  rock  is  very  fine-grained,  dark  gray  and  nearly  crypto- 
orystalline;  but  under  the  lens,  reveals  the  existence  of  a  dark  con- 
stituent intimately  mingled  with  a  translucent,  waxy- feldspar.  It 
has  a  high  specific  gravity. 

In  a  fissure  of  the  gabbro,  I  found  some  crystals  of  dolomite  and 
quartz. 

Rock  765.     Gabbro  from  Pigeon  river  gateway. 

Rock  766.     Dolomite  and  quartz,  from  the  gabbro. 

Rock  767.     Diabase  from  the  dike. 

A  photographic  view  of  this  cliff  was  taken  from  the  Canadian  side* 
Pigeon  river  gateway,  where  rises  a  gabbro  blujBF  which  I  estimate  at 
150  feet  high,  with  a  vertical  ascent  of  75  feet.  These  are  the  two 
Bides  of  the  gateway,  through  which  the  Pigeon  river  passes  by  a  suc- 
cession of  cascades  out  of  the  last  lake  in  the  boundary  series.    The 
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Fig.  61  — Horizontal  columnar  structure  in  the  dike  on  the  shore  of 

South  Foul  (alee.     The  dike  intertects  gabbro  having  a  vertical 

columnar  structure. 

gabbro,  as  everywhere,  assumes  a  columnar  sfructure.    I  find  here  no 
continuation  of  the  dike  (of  rock  767). 

N.  E.  i,  S.  E.  i,  sec.  12,  T.  64-3K  Gateway  mountain,  commence- 
ment of  portage  out  of  South  Fowl  lake,  southeastward.  Here  on 
the  soutfa  side  ia  a  hill  topped  with  gabbro  and  125  feet  high.  On  the 
north  is  a  towering  precipice  three  hundred  feet  above  the  lake,  whose 
jagged  outline  projects  itself  against  the  sky  almost  in  the  neighbor- 
hood of  the  zenith.  There  hang  huge  parallelopipedonn  of  gabbro 
awaiting  the  next  season's  frosts  to  be  thrown  down.  Here  by  the 
trail,  are  the  enormous  masses  which  were  projected  from  that  giddy 
altitude  by  some  previous  season's  frosts — ten  by  fifteen  feet  in  dimen- 
Bion — lying  here  mostly  moss-grown  and  crumbling  away  while  the 
centuries  roll  around.  Here  are  some  too,  freshly  fallen,  and  abure 
are  the  scars  showing  whence  they  w»re  detached.     It  is  a  wonderful 
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place,  and  provokes  a  multitude  of  reflections  which  must  not  here  be 
indulged  in.  This  high  hill,  for  clearness  of  description  I  call  Gate- 
way mountain. 

With  the  view  of  approximating  its  true  altitude,  I  used  my  clinom- 
eter and  found  the  angle  of  elevation  to  the  summit  62''.  I  simply 
estimate  my  distance  from  the  foot  of  the  perpendicular,  at  140  feet, 
and  from  these  data  I  calculate  trigonometrically  an  altitude  of  263 
feet.  As  my  point  of  observation  was  at  least  25  feet  above  the  lake, 
the  altitude  of  Gateway  mountain  as  thus  obtained,  is  288  feet.  Nor- 
wood says  it  is  306  feet,  but  does  not  state  whether  this  is  a  rough  es- 
timate or  the  result  of  actual  observation. 

I  took  a  successful  photograph  of  Gateway  mountain  with  point  of 
view  at  Halt  1398  * 

A  small  spring  of  ice-cold  water  issues  from  the  accumulatitm  of 
debris  in  the  gorge  between  Gateway  mountain  and  the  portage  trail, 
and  it  has  been  suggested  that  it  may  be  supplied  from  a  store  of  ice 
covered  and  protected  by  the  mass  of  fragments.! 

S.  E.  h  N.  E.  i,  sec.  18,  T.  64-4E.  South  end  of  Long  portage, 
out  of  South  Fowl  lake.  Walked  first  over  the  portage  and  returned, 
exclusively  for  observation.  I  find  it  about  a  mile  and  a  half  by  the 
windings.  The  portage  is  uncommonly  good,  though  sinuous.  I  do 
not  understand  why  so  much  better  than  any  seen  this  side  of  Hove 
lake.C  I  can  conjecture,  however,  that  the  Fowl  lakes  yield  crops  of 
wild  rice  which  bring  the  Grand  Portage  Indians  up  here. 

I  saw  no  rock  in  place  on  the  way;  but  of  course,  many  gabbro 
bowlders,  and  quite  a  quantity  of  fragments  of  black,  thin-laminated 
elate.  The  country  from  the  eastward  slope  of  this  portage,  presents 
a  changed  aspect.  No  high  ridges  intercept  the  distant  view.  There 
are  no  gabbro  knobs  or  ranges  visible  after  leaving  those  magnifi- 
i:ent  monuments  of  a  fiery  flood  which  looks  down  on  us  at  the  Gate- 
way. 

I  had  not  intended  to  travel  farther  along  the  Pigeon  river;  but  the 
interest  excited  by  the  changed  features  of  the  wilderness  led  to  a 
change  of  plan. 


•  A  Tlew  of  the  "ame  is  given  In  Irvine's  ''Preliminary  Paper'*  on  the  Archu-  in  of  tli »  Northwest, 
^ifth  Ann.  Hep.  U-  S.  Oeol  Surv  ,  lS^-4,  facing  p.  204.    The  mountain,  however,  in  not  in  Minnesota 
t>iit  io  Cannda,  being eaij;  both  of  Pigeon  river  and  of  the  portage. 

*  N.  II.  Winchell  In  Ninth  Ann.  Rep.  Minn.  Surv.,  pp.  7475. 

X  The  whole  fioason^R  exploration  was  made  without  a  gniile.    Nor  h^d  any  person  in  my  pnrt y  been 
tliroagh  the  region  previoaily. 
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55    22.— PIGEON    RIVER. 

The  features  of  the  country  along  the  Pigeon  river  southeast  of 
South  Fowl  lake  wiil  be  briefly  described  in  connection  with  the 
localitips  noted.  The  river,  frjm  the  foot  of  the  Long  portage,  con- 
tinues of  nearly  uniform  width  to  the  next  rapids.  It  is  a  broad, 
deep  stream,  flowing  with  a  current  of  about  a  mile  an  hour.  The 
borders  are  tilled  with  wild  rice  and  other  aquatic  grasses.  Not  much 
timl)er  is  seen  on  either  side.  Some  scattered  tamaracks  and  clumps  of 
spruces  occur.  No  hi^li  land,  even  in  the  distance — no  upland  in  the 
vicinity.  Onl}'  occasionall}'  clusters  of  poplars.  At  length  after  an 
interval  of  two  miles,  in  section  21,  T.  64-4E.,  a  small  ripple  is  seen 
in  the  current,  occasioned  apparently  by  bowlders;  but  sixteen  rods 
beyond,  the  sound  of  rapids  is  heard. 

N.  W.  i,  N.  E.  i,  sec.  t>l,  T.  64.4E.  Fourth  portage.  This  port- 
age is  about  three-fifths  of  a  mile  long,  in  a  mean  direction  east  by 
south.  It  strikes  the  river  again  on  an  east-southeast  stretch.  No 
rock  in  place  is  seen  on  the  way,  and  but  few  bowlders.  These  are 
gabbro.  At  the  end  of  the  portage,  a  mountain  is  seen  in  the  south- 
east, stretching  from  southward  to  northward,  but  wooded  to  the 
summit. 

N.  W.  i,  N.  E.  i,  sec.  21,  T.  64-4E.  A  quarter  of  a  mile  further 
north.  Went  up  to  the  rapids  a  few  rods  above  the  eastern  end  of 
this  portage,  but  found  only  bowlders  as  an  explanation.  Went 
then,  west  again  to  the  top  of  the  ridge  apparently  causing  this  abrupt 
northerly  bend  in  the  river;  following  it  north  to  the  turn  in  the 
stream;  but  found  nowhere  any  outcrop.  I  had  expected  to  find  evi- 
dence of  a  dike  trending  north. 

N.  E.  i,  S.  W.  i,  sec.  22,  T.  64-4E.,  as  of  Minn.  Olivine  knob.  At 
length  we  come  to  a  hill  on  the  Canadian  side,  a  quarter  of  a  mile 
back  from  the  river,  whose  white-shining  rock-exposures  remind  me 
again  of  syenite.  I  plunged  through  the  intervening  swamp  and 
climbed  the  slope  to  the  summit.  It  weathers  granite-fashion.  It  is 
of  pepper  and  salt  color.  Whitish  feldspar  is  very  determinable;  and 
there  is  a  little  transparent  feldspar.  Beside  these,  are  abundant 
grains  of  a  smoky  mineral,  and  not  a  few  of  magnetite.  The  smoky 
mineral  is  harder  than  feldspar,  and  weathers  conspicuous  on  the  rock 
surface.  When  broken,  the  grains  present  glassy  surfaces.  Evident- 
ly they  answer  the  description  of  olivine.     This  hill  is  125  feet  high. 

Rock  768.     Granular  olivine  gabbro  or  noryte. 

I  find  incorporated  in  this  formation  at  the  summit  of  the  hill,  some 
characteristic  coarse  gabbro  (769). 
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From  the  summit  of  this  hill  I  take  a  survey  of  the  surrounding 
country.  West  northwest^  spreads  an  area  two  miles  wide  and  eight 
miles  long,  through  which  we  have  followed  Pigeon  river.  It  is  dotted 
with  tamaracks  and  spruces,  but  most  of  the  surface  is  occupied  by 
alders  or  marsh  grasses. 

South  40^  west  is  a  knob  which  has  an  eruptive  contour,  with  a 
smaller  knob  for  each  shoulder.  The  range  to  which  these  belong 
<?xtends  about  westward  to  a  point  S  85'  W.  from  here,  and  about 
one  and  a  half  miles  distant.  From  behind  this  rises  a  much  higher 
mountain,  which  seems  to  be  about  six  miles  away.  From  where  it 
appears,  it  trends  away,  west  of  north,  and  ends  in  what  appear  to 
be  gabbro  bluffs  N.  bO""  W.  from  here  They  face  northward.  They 
seem  to  be  southwest  from  South  Fowl  lake.  In  the  nearer  ground, 
N.  75*^  W.,  is  another  bluff,  also  facing  northward.  Still  nearer, 
about  three  miles  distant,  N.  70"  W.,  is  another  bluff  of  less  magni- 
tude. On  the  north  is  a  mountain-like  ridge,  about  three  miles  dis- 
tant, runnin<;  east  and  west.  In  a  hill  on  the  north,  half  a  mile  away, 
about  75  feet  above  the  river,  are  outcrops  of  light  color,  resembling 
the  rock  in  this  mountain. 

N.  W.  i.  S  W.  i,  sec  2i.  T.  64-4E.  Third  portage.  The  rapids 
between  the  two  gabbro  hills  are  portaged  on  the  left  of  the  stream. 
Portage  one-third  of  a  mile,  direction  a  little  east  of  south. 

Below  these  rapids,  for  a  mile  and  a  half,  the  stream  is  swift,  and 
interrupted  by  many  bowlders  of  trap.  In  places,  it  widens  out  and 
becomes  very  shallow.  In  one  place  it  divides,  and  runs  among  many 
islands.  Neither  stream  has  water  enough  for  safe  canoeing,  and 
navigation  is  very  difficult.  The  bowlders  passed,  the  stream  becomes 
50  to  60  feet  wide,  and  three  feet  deep.  This  is  a  long  stretch  of  a 
Qiile,  flowing  eastward. 

At  this  place  one  sees  in  the  east,  at  the  distance  of  a  mile  or  two, 
*  trap-looking  hill  seventy-five  feet  high.     The  stream  flows  directly 
Reward  it  until   within  a  quarter  of  a  mile,  when  it  turns  abruptly 
"Northward  and  then  eastward,  to  pass  around  the  hill. 

T.  64-5E.   has  not  been  surveyed  because  lying  in  the  Indian  Reser- 
^  «tion.     At  a  point  in  the  pass  between  the  hill  above  mentioned  and 
^  smaller  one  on  the  Canadian  side,  I  ascended  the  latter.     I  found  it 
very  compact  and  hard  sort  of  gabbro  (770)  with  much  olivine  and 
^^agnetite. 

The  cliff  on  the  American  side  looks  exactly  like  this. 
Partridge  portage.     The  stream  along  the  stretch  of  a  mile  between 
36 
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the  last  and  this  point  is  bordered  by  weeds  and  flows  qnietly  through 
a  level  tract. 

The  plane  is  mostly  a  clearing,  but  some  poplar,  birch  and  firs  re* 
main.  Partridge  portage  is  about  a  quarter  of  a  mile  long,  fairlj^ 
good. 

Partridge  falls.    The  Minnehaha  of  the  boundary. 
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Fig.  62. — Diagram  of  Partridge  falls  in  Pigeon  river. 

The  Inel^u^emeDts  given  nre  efltlmated.     The  diagram  ia  not  drawn  to  a  acale. 

A.  The  highest  rock  above  the  falls. 

B.  The  hight  at  which  it  reached  at  the  foot  of  the  descent. 

C  B.    Eigiit  rods,  distance  from  brink  of  falls  to  foot  of  rapids. 

D.    Standing  rock  at  brink  of  falls  (place  of  Indian  in  photograph. ^ 

E  P.    Ten  feet,  hight  of  lower  falls. 

G  H.    Thirty  feet,  hight  of  upper  falls. 

I  J.     Width  of  dike  of  gabbro,  45  feet. 

K  O.     Rapids  above  the  falls.     Descent,  O  6.  20  feet. 

P  M.     Hapids  below  the  falls.     Descent,  M  N.  5  feet. 

K  0  n  F  M.    Surface  of  water. 

The  above  diagram  shows  the  more  important  facts.  The  highest 
rock,  A,  slopes  upward  at  such  angle  that  if  continued  to  the  standing 
place,  D,  close  to  the  falls,  it  would  be  ten  feet  above  it.  A  dike  o^ 
gabbro,  which  seems  to  be  of  the  same  character  as  the  gabbro  of  th^ 
country,  intersects  the  formation  between  the  two  falls  and  is  aboa^ 
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45  feet  wide.  If  this  proves  to  be  the  same  as  the  ordinary  gabbro,  it 
would  seem  probable  that  it  was  contemporaneous  in  eruption,  and 
that  this  was  one  of  the  fissures  from  which  the  flow  came  which  in- 
undated the  country.  Further,  as  no  gabbro  appears  on  the  surface 
in  the  vicinity,  there  is  evidence  of  much  erosion  of  gabbro.  And  still 
farther,  if  one  gabbro  vent  of  small  dimensions  existed,  not  unlikely 
the  whole  escape  of  the  outflow  was  through  numerous  vents  of  mod- 
erate capacity,  rather  than  one  or  two  great  fissures. 

The  strike  of  this  dike  is  N.  65°  W.  and  it  stands  about  vertical. 
N.  H.  Winchell  says,  "W  5°  N/'   (Ninth  Rep.  p.  74). 

The  dip  of  the  slates  here  is  up-stream,  and  since  the  stream  here 
flows  northwardly,  the  dip  is  southward,  Norwood    says,    ''Above 
the  falls,  the  dip  of  the  slate  is  northwest,  80°."     Below,  he  says  the 
dip  is  "reversed  to  the  southeast,  at  an  angle  of  17''."   N.  H.   Win- 
chell says,  on  the  contrary,  ''The  brink  of  the  falU  is  of  slate,  ripple- 
marked,  dipping  south  about  12°;"  and  Bell  says  ''the  slate  dip  south 
about  20^" 
Rock  771.     Animike  black  slate  from  Partridge  falls. 
Rock  774.     Gabbro  from  dike  at  Partridge  falls. 
Rock  775.    Specimen  illustrating  jointage  of  slate. 
I  took  much  pains  to  get  good  positions  in  the  gorge  below  the  falls, 
for  photographic  views,  and  obtained  four  successful  ones.     A  very 
good  general  view  of  Partridge  falls  is  published  in  professor  Irving*s 
^^Preliminary  Paper''  * 

Grand  portage,  seven  miles  from  lake  Superior.  The  river  through 
the  stretch  of  two  and  a  half  miles  between  Partridge  falls  and  this 
point,  pursues  a  very  sinuous  course  over  a  grassy  plain  evidently  un- 
derlaid by  Animike  black  slates  in  a  position  nearly  horizontal.  At 
this  portage  is  an  old  clearing  of  a  few  acres,  overgrown  with  wild 
Classes.  Dr.  Norwood  states  that  this  '*was  once  the  site  of  Fort 
Charlotte,  for  many  years  the  most  important  post  of  the  Northwest 
^ur  Company." 

The  rapids  here  pass  over  a  dark  gray,  partly  thick-bedded  slate, 
dipping  southward  about  6^^. 

Rock  772.     Prevailing  character  of  the  slate,  at  the  upper  end  of 
**ie  Grand  portage. 

Rock  773.     Darker,  thick-bedded  slate. 

The  Pigeon  river  valley,  east  of  the  great  swamp — that  is,  below 
^o«  gabbro  range,  is  decidedly  tillable.  Most  of  it  is  upland,  with  a 
'^H)d  natural  soil,  as  evinced  by  the  rank  growth  of  herbaceous  ve   et- 

F^k  Amn  Hep.  U.  S.  Oeol  Surv  facing  page 203. 
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atioii.  There  are  few  hills,  and  seldom  outcropping  rocks.  The 
country  has  been  once  burned  over,  on  both  sides  of  the  river^  and 
many  of  the  dead  pine  trunks  still  stand  to  attest  the  once  yigoronB 
growth  of  the  forest.  The  Indian  Reservation,  on  the  American  side, 
as  far  as  can  be  seen,  is  a  level,  arable  and  valuable  tract. 

It  may  be  added,  for  the  purpose  of  completing  a  view  of  the  bound- 
ary as  far  as  Pigeon  Point,  that  its  physical  and  geological  features 
below  the  upi)er  end  of  the  Grand  i^ortage  are  already  pretty  well 
understood,  and  have  been  described  with  more  than  his  usual  detail 
by  Dr.  Norwood,  assisted  by  Major  Richard  Owen.  His  descriptions 
embrace  also  the  shore  line  between  Pigeon  Point  and  Grrand  Portage 
bay.  as  well  as  the  geology  of  the  Grand  portage."^  A  careful  report 
on  the  same  district  has  been  published  by  Prof.  N.  H.  WinchelLt 
An  exposition  of  some  special  features  has  recently  been  published  by 
professor  VV.  S   Bay  ley.* 

The  ccmrse  of  this  report  now  returns  westward  to  Red  Rock  lake 
with  a  view  to  considering  in  regular  succession  a  series  of  lakes 
lying  next  south  of  tiie  boundary  series,  to  which  our  attention  has 
thus  far  been  confined. 

§    23. —  RED   KOCK   LAKE. 

The  passage  from  the  west  long  arm  of  Saganaga  lake  to  Red  Bock 
lake  is  narrow  and  obstructed  by  syenitic  bowlders.  A  small  stream 
flows  out  of  the  latter  lake.  Red  Rock  lake  is  practically  a  continua- 
tion of  the  west  long  arm  mentioned.  It  is  similarly  indented  by 
long  capes,  with  alternating  deep,  irregular,  mostly  club-shaped  bays. 
Its  shores  are  exceedingly  rocky,  and  buttressed  by  frequent  high, 
often  precipitous  boses  of  syenite.  A  few  intervening  soil-covered 
tracts  occur  on  which  grow  small  spruces  and  Jack  pines.  The  regioa 
possesses  little  value  either   or  timber  or  agricultural  purposes. 

^  rom  Saganaga  lake  sec.  28,  G6-5,  syenite  continues  unchanged  in 
character  to  Red  Rock  lake.  When  the  shallow  passage  between  the 
two  is  not  cauooiiljlt*,  a  short  portage  may  be  found  over  the  hill  on 
the  east  side.  The  direction  of  the  current  is  out  of  Red  Rock  lake, 
but  the  stream  is  hardly  a  rapid. 

N.  W.  i,  S.  E.  i.  sec.  28,  T  66-5.     Passage  from  Saganaga  to  Be*. 


•  Owdii'H  (ieolog  Rnrvey  of  Wis  ,  Iowa  ami  Minn  ,  pp.  397-IM. 

'  Ninth  Ann.  Jir^p.  fieol.  Minn.  188(1,  pp.  61-73.  Mining  geology  al-o  In  Seventh  Ann-  Jiep.  1IU»*. 
1878.  pp.  14-19.    See  nlno  Tenth  Ann.  litp.  1831,  pp.  43-49. 

X  Ba y ley,  On  *ome  jientfuirly  HjMttfd  rock*  from  Pi!/*:on  Point,  Minn.  Am  Jour  Sei-lU  ^  x**^ 
SSs..^,:  May,  1888 
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Rock  lake.     Syenite,  still  weathering  conspicuously  rough,  with  large 
quartz  grains. 

S,  E.  i,  8.  W.  i,  sec  28,  T.  66-6.    Syenite  (576)  unchanged. 

S.  E  i,  S.  W.  i.  sec.  83,  T.  66-5.  Numerous  examinations  made 
from  the  last  point  to  this  reveal  no  important  variations  in  the  char- 
acter of  the  syenite.  A  i  this  place  is  a  lofty  vertical  wall  of  syenite, 
some  of  whose  faces  are  covered  by  an  orange-colored  lichen  (577). 
This,  I  suspect,  is  the  particular  ''red  rock'*  from  which  the  lake  15^ 
named.  (Compare  "Painted  Castle,"  p.  115,  Report  of  1886).  The 
syenite  is  still  unchanged. 

The  Syenite  continues  without  change  to  the  southern  extremity  of 
the  lake. 

No  water  communication  exists  between  Red  Rock  and  West  Sea- 
gall  lakes.  The  portage  goes  out  at  the  extreme  southwestern  angle 
of  the  former.  It  passes  over  a  depressed  ridge,  thrcAigh  open  woods 
consisting  of  Jack  pine  and  spruce,  with  a  few  poplars.  It  is  an  un- 
frequented trail,  but  quite  practicable.  We  chopped  out  a  number  of 
trees  fallen  across  the  path. 

§    24. — WEST  SEAGULL    LAKE. 

West  Seagull  lake  lies  in  the  northwestern  part  of  T.  65-5,  with  an 
extreme  length  north  aud  south  of  about  two  miles  and  a  breadth  a 
little  less      On  the  plat  it  presents  a  strinkiugly  irregular  figure;  and 
tbenamerous  large  islands  included  cause  an  appearance  of  a  jagged 
inlet  winding  and  ramifying  through  a  wilderness  of  rocky  knobs. 
The  exposures  of  syenite  are  almost  continuous  until  we  approach  the 
•outhern  extremity.     In  this  region  the  syenite  becomes  chloritic, 
gneissic  and  even  schistic.    On  the  west  oi  Seagull  lake,  in  section  7, 
Mr.  Stacy  reports  ''conglomerate  and  syenite  interbedded";  but  I  had 
kft  the  region  before  obtaining  this  information.     Mr.  Stacy  com- 
pared the  conglomerate  with   that   of  Ogishke-muncie;   but  I   feel 
rtrongly  persuaded  that  the  two  are  very  diflferent.     The  latter  is  re- 
mote from  syenite  and  has  never  been  seen  interbedded  with  crystal- 
'iiie  schists — still  less  gneisses.     I  suspect  the  West  Seagull  congloni. 
^^ate  is  to  be  compared  with  that  of  Wonder  Island  in  lake  Saganaga; 
•«ld  I  think  undoubtedly  the  greenstone  pebbles  and  bowlders  dissem- 
'^ated  through  this  syenite-gneiss  formation  generally   are    closely 
Connected  with  the  history  of  these  conglomeritic  beds  and  patches. 
S.  E.  i,  N.  E.  i,  sec.  5,  T.  65-5.     South  "id  of  portage  from   Red 
^Qck  lake.     Syenite  exactly  as  on  Red  Rock  lake. 
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S.  £.  i,  S.  W.  i,  sec.  5,  T.  65-5.  West  side  of  north  port  of  lake. 
Here  are  vast  exposures  of  syenite  (578)  along  the  west  shore.  It  looks 
white  at  a  distance  and  presents  a  wide  shining  treeless  area  rising 
toward  the  interior.  On  examination,  it  closely  resembles  that  so 
prevalent;  but  the  quartz  grains  are  a  little  smaller,  and  the  surfaces 
of  the  rock  do  not  weather  so  rough. 

A  high  range  is  seen  on  the  east  and  southeast,  appearing  300  feet 
high.  It  appears  to  be  southwest  of  Seagull  lake  and  east  of  Frog 
Rock  lake. 

S.  W.  cor.  sec.  8,  T.  65-5.  Syenite  without  conspicuous  quartz 
grains,  and  with  a  chloritic  mineral  in  place  of  hornblende  (579). 
Portions  of  the  rock  abound  in  the  chloritic  mineral.  The  formation 
resembles  that  seen  on  entering  Saganaga  lake 

Rock  580.  Chlorite  syenite,  highly  chloritic,  like  Pipestone  chlor- 
ite gneiss.     (Cothpare  Report  for  1886,  pp.  105-6-  176-7). 

N.  E.  i,  N.  W.  i,  sec.  17,  T.  65-5.  A  quarter  of  a  mile  beyond  the 
last  point.  The  formation  has  become  graywacke-like.  It  attains,  as 
usual  for  the  gray  wackeni tic  rocks  of  the  entire  region,  a  very  mas- 
sive development.  This  is  near  the  southern  point  of  West  Seagull 
lake. 

Rock  581.     ftraywacke,  dark  and  fine. 

N.  E.  i.  N.  W.  i,  sec.  17,  T.  65-5.  Southern  point  (head)  of  West 
Seagull  lake.     Massive  graywacke  (502)  a  little  slaty  in  places. 

N.  W.  i,  N.  E.  1,  sec.  17,  T.  65-5.  One-eighth  mile  northeast  of 
southern  point  of  West  Seagull  lake.  At  the  beach,  chlorite  schist. 
A  few  steps  back,  syenite  gneiss  with  red  feldspar,  alternating  and 
mixed  with  chlorite  schist.     One  example  follows: 

The  schist  in  places  approaches  the  condition  of  a  greenstone.  The 
gneiss  has  the  common  character,  with  pale  red  feldspar  and  scattered 
grains  of  quartz. 

Rock  573.     Gneiss  and  chloritic  rock  in  contact. 

The  small  island  off  this  locality  is  composed  of  chlorite  syenite; 
and  the  point  projecting  in  from  the  east  is  the  same. 

S.  E.  i,  S.  W.  i,  sec.  8,  T  65-5.  Island  north  of  the  extremity  of 
the  point  last  mentioned.  Quartzifcrous  granular  felsyte  (843)  very 
similar  to  that  seen  in  the  west  long  arm  of  Sa&:anaga  lake. 

This  island  is  scarcely  half  a  mile  north  of  the  head  of  West  Sea-  — 
gull  lake,  and  the  **point*'  is  nearly  midway  between  thera- 

The  cape  jutting  northward  less  than  half  a  mile  east,  is  com*  - 
posed  of  chlorite  syenite;  while  the  large  island  between  the  cap^^ 
jELud  the  east  shore  is  of  syenite  of  the  usual  sort  for  this  region. 


STATK  SBOLOGIBT. 


^ig,  63. — Intermixture  of  syenite  gneiss  and  chlorite  schist,  West  Sea- 
gull lake. 

S.  E.  i,  N.  W.  i,  sec.  9,  T.  65-5.     East  aide  of  West  Seagull  lake. 
Syenite  (594)  with  well  formed  hornblende;  but  the  grains  of  quartz 
*te  not  remarkably  large,  nor  do  they  stand  conspicuous  on  weathered 
•iirfaces. 

S.  E.  i,  8.  W.  i,  sec.  4,  T.  65-5.     Neck  of  the  most  eastward  bay 
^^f  West  Seagull  lake.    Syenite  with  large  quartz  grains, 

S.  E.  i,  N.  E.  i,  sec.  9,  T.  65-5.  On  the  rapids  from  West  Seagull 
^^«  Seagull  lake.     Chlorite  syenite. 

The  stream  connecting  these  two  lakes  is  over  half  a  mile  long, 
■^^owina;  toward  Seagull  lake.     The  rapid  requires  no  portage. 

§23.  —  SBAQDLL   LAKE. 

This  is  located  mainly  in  T.  65-5,  but  extends  half  a  mile  into  T. 
^*9-5  and  4,  and  a  mile  and  a  half  into  T.  65-4,  thus  covering  the 
^^  ^roer  of  fonr  townships.     The  features  of  the  lake  in  the  vicinity  of 
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the  four  corners  are  shown  in  the  sketch-map,  figure  54,  which  shows 
the  connection  with  Saganaga  lake  through  the  arm  called  Seagull 
river.  This  lake  has  an  extreme  length,  northeast  and  southwest, 
of  about  six  miles,  with  a  main  breadth  of  nearly  two  miles.  The  west 
body  of  the  lake  is  a  clear  expanse  of  three  square  miles  onl}*  inter* 
rupted  by  small  islands  near  the  western  shore.  The  east  body  how- 
ever abounds  in  large  islands  which  occupy  half  the  area.  Cucumber 
island  is  two  miles  and  a  half  long,  with  a  mean  breadth  of  nearly 
half  a  mile.  A  high  rid&:e  runs  longituilinally  through  it.  The 
original  forest  still  stands,  composed  largely  of  Norway  pine  nnd 
spruce.  In  the  region  west  of  Cucumber  island,  the  large,  lofty,  bald 
syenitic  islands  ri.se  very  conspicuously.  On  the  north  shore  is  a  syenite 
promontory  which  attains  an  elevation  of  150  feet.  Two  interesting 
features  are  presented  by  the  syenite  of  this  lake.  First,  its  passage 
through  chlorite  syenite  on  the  south,  toward  the  chlorite  schist  and 
argillytes  pertaining  to  the  Knife  lake  belt,  and  Second  the  general 
dissemniation  of  greenestone  pebbles  in  the  gneiss  which  proves  pre* 
monitory  of  the  contiguity  of  actual  conglomerate  patches  imbedded 
in  the  gneissic  terrane,  as  already  described  on  Wonder  island  in  Sag- 
naga  lake,  and  mentioned  in  connection  with  West  Seagull  lake. 

Partaking  of  the  general  sterile  character  of  the  entire  region  trav- 
ersed by  the  Giant's  Range,  the  vicinity  of  Seagull  lake  possesses  few 
inducements  for  settlement,  and  gives  no  promise  of  important  min- 
eral discoveries.     Building  stone  is  the  chief  product  of  the  region 

There  seems  to  be  no  portage  around  the  rapids  between  West  Sea- 
gull and  Seagull  lakes.  The  stream  is  mostly  broad  and  sufBciently 
deep  for  canoeing;  but  some  of  the  rapids  are  rather  exciting. 

y.  E  i,  S.  E  I,  sec.  9,  T.  65-5.  South  of  the  mouth  of  the  stream. 
Chlorite  syenite. 

S.  W.  i,  S.  W.  I,  sec.  10,  T  65-5.  Island  nearest  the  last.  Syenite 
with  partially  developed  hornblende. 

S.  W.  cor  sec.  10,  T.  65-5,  Point  of  cape  from  the  west.  Syenite 
like  last,  but  the  hornblende  is  imperfect. 

N.  E.  4>  N.  E.  i,  sec.  16,  T.  65-5.     Entrance  to  broad    westward — 
bay.     Syenite  with  hornblende  distinct. 

N.  E.  i,  S.  E.  i,  sec.  16,  T.  65-5.     Nearest  island  to  south  point  o"^ 
bay.     Syenite  as  before. 

S.  W.  i.  S.  W.  i.  sec.  15,  T.  65-5.     Near  southern   extremitji^ 
Syenite  weathering  white.     This  may  be  compared  with  syenite  (57( 
on  west  shore  of  West   Seagull   lake.     The   quartz   exists   in    larj 
grains. 


STATS    QSOLOaiST. 


397 


i,  S.  E.  i,  sec.  15,  T.  65-5.  Syenite  (59S)  verj  well  markfd. 
.omblende  is  sonienhat  chloritized. 

ands  in  this  vicinity  are  of  syenite.  A  high  massive  cliff  ex- 
ingsuutb  side  of  narrow,  eastward  projectins  bay.  Tlie  two 
xt  northeast  are  of  common  syenite,  and  a  high  cliff  is  ex- 
the  southern  one. 

ration  of  many  shores  and  islands  on  the  southeastern  iind 
jartB  of  the  lake  proves  them  all  to  be  formed  of  the  prevail- 

■mainder  of  this  lake  is  illustrated  by  the  following  map: 

inr 


t. — \ortJi  iHirl  of  Sfu  GiiU  lake,  Ta.  66-5  and  4  ami  65-5  and  4. 

Liinii  ;iml  w:iU'r  contr'nrs  in  m  sraniiic  region. 
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either  augitic  or  chloritic;  but  imbedded  ia  this  are  needles  and  lam- 
insB  of  glassy  feldspar. 

But  besides  these,  are  pebbles  or  pieces,  generally  smaller  than  the 
others,  which  are  composed  of  a  chloritic  substance,  and,  if  I  mistake 
not,  themselves  contain  angular  frafi:ments  like  the  chloritic  conglom- 
erate, number  597. 

Again  a  chloritic  rock  material  is  sometimes  included  between  mas- 
ses of  syenite-like  sedimentary  sheets,  with  the  fine  lamination,  or  at 
least,  structural  lines  running  parallel  with  the  syenite  surfaces.  Parts 
of  these  sheets  contain  irregularly  disseminated  fragments  of  pink 
feldspar. 

Rock  599.     Saganaga  syenite — ordinary  appearance. 

Rock  600.     Fine  granulyte  included  in  above. 

Rock  601.     Syenite  including  pieces  of  chlorite  rock. 

Rock  602.     Piece  of  included  chlorite  rock. 

Rock  603.     Included  chlorite  schist. 

Rock  604.     Pebble  of  fine  syenite. 

Rock  605.     Same  fine  syenite  stratified. 

Rock  606.     Pebble  of  chloritic  diabase. 

Rock  607.     Syenite  with  carbonate  of  copper. 

All  the  islands  in  this  vicinity  were  visited,  but  common  Saganaga 
syenite  everywhere  prevails. 

S.  W.  i,  sec.  31,  T,  66-4.  South  end  of  portage  around  rapids  into 
so-called  **Seagull  river**— short  navigable  rapids  having  been  already 
passed  twenty  rods  to  the  south.  Still  syenite  (608),  but  the  horn- 
blende is  here  more  abundant  and  blacker.  The  quartz  is  much  less 
abundant,  and  the  feldspar  individuals  are  well  isolated. 

This  portage  is  about  a  quarter  of  a  mile,  along  the  east  side  of  the 
rapids. 

The  "rapids**  so-marked  on  the  plat,  a  few  rods  farther  north 
may  be  navigated. 

§  26. — LOON  LAKB. 

Loon  lake  lies  in  the  southern  part  of  T.  65-3W.  It  is  nearly  four 
Tniles  long  east  and  west,  and  for  most  of  its  length  half  a  mile  wide, 
\iut  expanding  toward  the  eastern  end  to  more  than  a  mile  in  width. 
On  the  south  side  of  the  lake  is  a  high  mountainous  peninsula,  a  mile 
and  a  quarter  long,  trending  east  and  west,  with  an  isthmus  ten  rods 
wide  and  bounded  on  the  south  by  a  slender  arm  of  the  lake  about  fif- 
teen rods  broad.     Loon  lake  is  hemmed  in  by  lofty  ranges  of  gabbro- 
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covered  Animike  slate  hills  Ijing  on  the  north  and'south,  but  muck 
more  precipitous  and  lofty  on  the  south. 

The  whole  region  has  been  burned  over;  but  small  patches  of  the 
original  forest  remain,  and  low  lying  slopes  are  already  reclothed  with 
thrifty  young  trees  of  poplars  and  birch. 

This  lake  lies  wholly  within  the  Animike  region,  and  many  charac- 
teristic cliffs  of  gabbro-covered  black  argillyte  and  siliceous  schist  rise 
along  the  south  shore.     Porphyries  abound  on  the  north  shore. 

The  principal  portage  to  Loon  lake  passes  out  from  the  western  ex- 
tremity of  the  little  peninsula  in  sec.  23,  on  the  south  shore  of  Gun- 
flint  lake.     It  winds  over  a  pass  in  the  Mesabi  range,  a  distance  of 
three-quarters  of  a  mile.     The  portage  is  little  frequented  and  rather 
difficult  from  the  intervention  of  hills,  rocks  and  fallen  timber. 

S.  W.  i,  N.  E.  i,  sec.  :^6,  T.  65-3.  Near  termination  of  portage,  on 
the  west.  An  unusual  rock.  A  groundmass  of  a  gray  color,  appar- 
ently  composed  of  feldspar  and  augite.  Abundant  parallelopipeilon» 
of  a  waxy,  striated  feldspar  disseminated  through  the  groundmass. 

Rock  691.     Porphyritic  noryte. 

It  occurs  in  a  low  exposure  close  to  the  water  on  the  north  shore. 

N  E.  i,  S.  W.  i.  sec.  26,  T.  65-3.  Haifa  mile  further  west.  Gab- 
bro  (692)  in  a  low  outcrop. 

N.  W.  i,  S.  W.  i,  sec.  26,  T.  65-3.  Forty  rods  still  west.  A  very 
interesting  rock  resembling  s^-enite,  very  hornblendic  or  perhaps  au- 
gitic,  with  reddish  feldspar  in  small  grains  generally  distributed,  and 
in  places  clustered. 

Rock  693.     Resembling  syenite,  but  probably  gabbrolitic. 

A  few  steps  back,  a  more  massive  outcrop  occurs,  which,  while 
containing  some  reddish  feldspar,  has  a  decidedly  gabbrolitic  aspect, 
especially  on  weathered  surfaces.     Contains  also,  a  whitish  feldspar* 

Rock  694.     Gabbrolitic  rock. 

S.  W.  I,  S.  W.  i,  sec.  26,  T.  65-3.  Forty  rods  west  of  the  last 
Syenite  looking  rock  again  (695)  but  it  is  probably  noryte. 

It  has  a  dark  crystalline  groundmass,  reddish  feldspar  prisms  and 
grains  disseminated;  also  a  most  abundant  dull  waxy  feldspar. 

S.  E.  i,  S  E.  i,  sec.  27,  T.  65-3.  Close  by  the  last.  Appears  like  a 
simple,  fine-grained  diabase;  but,  considering  the  association,  I  shall 
set  it  down  as  noryte — 696. 

S.  E.  i,  S.  E.  i.  sec.  27,  T.  65-3.  Within  ten  steps  of  rock  696. 
A  low,  exposed  point  of  rock  like  that  of  rock  691.  The  weathered 
surface  is  remarkable.  There  appears  a  groundmass  composed  of  fine 
black  crystals  mingled  with  sharp  cornered  slightly  larger  crystals  of 
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n  reddiali  feldspar.  In  this  grouiidtnass  are  dissemiuated  white- 
weathering  crystals  and  masses  of  a  pale  waxy  feldspar  attaining  di- 
me Dsions  up  to  an  inch  and  more  in  diameter. 

The  freshly  broken  surface  presents  a  groundmass  with  the  elements 
less  ijidividualized,  and  the  coarse  feldspar  pale-waxy,  faintly  striated 
—it  being  very  difiBcult  under  a  Coddington  lens  to  detect  the  lines. 

Rock  697.     Porphyritic  noryte. 

Thid  would  be  an  admirable  rock  for  inside  decoration,  its  red-spec- 
ked groundmass  studded  with  pleasingly  tinted,  four-angled  crystals 
and  rounded  forms  of  feldspar. 

S-  E  i.  S.  E.  i,  sec.  27,  T.  65-3.  Close  by  rock  697.  Resembling 
outcrop,  rock  693 — syenite-looking. 

S.   W.  i,  S.  E.  i,  sec.  27,  T.  65  3.     Twenty  rods   west.     Compact, 

medium-grained  gabbro  (698),  with  plates  and  masses  of  shining  mag- 
netite. 

S.  W.  i,  S  E.  i  sec.  27,  T.  65-3.  Less  than  a  mile  and  a  half  from 
whore  I  first  struck  this  lake.     Gabbro  above  medium  coarseness. 

S.  W.  i,  S.  W.  i,  sec.  27,  T.  65  3.  Porphyritic  noryte  identical 
with  that  of  rock  697,  but  the  reddish  constituent  of  the  groundmass 
muoli  less  abundant,  and  hence  not  so  fine  for  decorative  purposes. 

^.    W.  i,  S.  W.  i,  sec.  27,  T.  65-3.     Close  by  the  last.    Fine,  uni- 
fortixly  tinted  noryte  (699),  with  considerable  fine,  disseminated  pyrites. 
^     W.  i,  S.  W.  i,  sec.  27,  T.  65-3.     Four  rods  west  of   699.     For- 
mat ion  appears  bedded,  with  a  low  dip  northeast;  but   examination 
«ha\vsita  fine  dark  gray  homogeneous  rock  with  thin  scales  waxy- 
trauslucent;  and  I  feel  compelled  to  put  this  down  also  in  the  same 
group  as  the  other  varieties  seen. 
R-ock  700.     Noryte  exceedingly  fine,  almost  aphanitic. 
S    E.  i.  S.  E.  i,  sec.  28,  T.  65-3.     Porphyritic  noryte  iu  a  high  ex- 
posure. 

S.  W  :^,  S.  E.  i,  sec.  28,  T.  65-3.  One  mile  from  western  extrem- 
ity of  Loon  lake,  north  shore.  Gabbro  (701)  of  medium  coarseness 
again. 

N.  W.  i,  N.  W.  i,  sec.  33,  T.  65-3.      Half  mile  from  west  end  of 
lake.    Low  exposure  of  porphyritic  noryte. 

N.  W.  J,  N.  W.  i,  sec.  33,  T.  65-3.     Formation  like  that  at  rock 
'^,  but  a  little  coarser. 
Rock  702.     Fine-grained  noryte. 

^Vithin  a  few  feet  occurs  the  porphyritic  noryte,  and  then,  a  few 
wet  further,  the  fine  noryte  recurs. 
A  few  rods  further  west,  the  noryte  is  coarser. 
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Next  comes  the  porphyry  agaiu —  a  large  outcrop. 

The  fine  Doryte  recurs — all  the  exposures  toward  the  western  ex- 
tremity of  the  lake  being  larger  than  those  more  easterly. 

N.  E.  i,  N.  E.  i,  sec.  32,  T.  65-3.  Near  west  end  of  lake.  Notic- 
ing a  whitish  sort  of  rock  exposed  in  the  hill  north  of  the  western 
end  of  the  lake,  I  went  up  to  it,  and  found  it  simply  gabbro  with  a 
dark  waxy  or  reddish  feldspar  which  weathers  nearly  white,  and  pro- 
duces a  striking  speckled  appearance  on  the  rock.  Some  of  this  is 
porphyritic. 

Rock  703.  Oabbro,  with  weathered  surface  and  peroxidized  iron  in 
a  portion. 

Rock  704.     Oabbro  with  large  augiiic  crystals  weathered  out. 

S.  W.  i,  N.  E.  i,  sec.  32,  T.  65-3.  End  of  lake.  A  high  clifiF  at 
the  west  extremity  of  the  lake  exposes  some  white-weathering  gabbro 
quite  conspicuously.  Examination  shows  other  portions  ver^'  fine 
(705);  and  some  portions  have  weathered  with  a  conspicuous  iron 
stain,  giving  the  appearance  of  an  iron  mine. 

Noryte  or  gabbro,  crumbling  and  rusty,  extends  eastward  along 
south  shore,  falling  down  from  ledges  40  feet  above,  and  forming  a 
talus. 

N.  E.  ],  N.  W.  i,  sec.  32,  T.  65-3.  Half  mile  from  west  end.  An 
exposure  of  slate,  about  25  feet  high,  having  a  dip  of  16°  in  a  direc- 
tion S.  80^'  E.  (according  to  needle,  which  may  be  locally  afiected.) 
The  slate  occurs  in  beds  three  to  four  inches  thick.  Some  of  them 
are  hard  and  ringing  when  struck  with  the  hammer,  having  a  very 
compact  and  fin'vgrained  structure,  iron-gray  in  color,  and  with 
abundant  fine  scale-like  mineral  disseminated  through  it,  shining  like 
pyrites,  but  possibly  magnetite.  Some  samples  have  a  shining,  pyrites- 
like mineral  accumulated  in  little  circular  areas,  giving  the  appear, 
ance  of  thin  fish-scales. 

The  form  of  the  rock  first  described  is  exactly  that  of  699  and  700, 
which  1  did  not  recognize  as  slate,  though  the  latter  was  observed  to 
be  actually  bedded. 

Rock  706.     Slate,  prevailing  condition. 

Rock  707.     Slate,  with  dark,  scale-like  areas. 

S.  E.  J,  N.  E.  i,  sec.  34,  T.  65-3.  Middle  of  south  side.  Large 
angular  fragments  of  solid  gabbro. 

N.  W.  i,  N.  W.  i,  sec.  36,  T.  65-3.     Close  by  the  last.     Compact 
slate,  like  that  of  706  and  707,  in  a  low  outcrop. 
.  N.  W.  i,  N.  W.  i,  sec.  35,  T.  65-3.    Very  near  the  last.     Fine, 
gabbro-looking,  but  the  formation  is  in  massive  beds  dipping  E.  S.*  E. 
^out  8''  or  10%  and  I  suspect  it  belongs  to  the  slate  formation. 
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Rock  708.     Gabbroloid  slate  ? 

Above  40  feet,  the  rock  looks  more  massive. 

A  gabbro-like  crest  continues  along  this  ridge,  terminating  in  a  hill 
about  150  feet  high,  with  a  precipitous  brow  hanging  perpendicularly 
36  feet. 

1.     N.  E.  i,  N.  W.  i,  sec.  35,  T.  65-3.     One-fourth   mile   from 
the   last.      The   brow   of  gabbro   almost   overhangs  this  spot;    but 
at  the  bottom  here  is  an  exposure  of  slate  dipping  13'^  in  a  direction 
about  south  (according  to  the  compass  and  according  to  estimation). 
The  slate  is  mostly  hard  and  ringing,  dark  gray,  and  exceedingly  fine 
textured.     Some  of  the  thinner  layers  are  darker  and  more  argillitic. 
In  bands  or  zones  there  are  laminae  not  over  a  thirty-second  of  an  inch 
thick. 
Rock  709.     Prevailing  character  of  the  slate. 
Rock  710.     A  thin  layer,  dark,  argillitic. 
Rock  711.     Thin  laminae. 
Rock  712.    Specimen  about  8  feet  above  water. 
Rock  713.    Specimen  20  feet  above  water. 

Moving  out  into  the  lake,  the  bedded  structure  can  be  distinctly 
9«en  to  a  hight  of  80  feet.  Above  this  for  40  feet,  the  rock  has  a 
ranassive  gabbro-like  aspect. 

N.  W.  i,  N.  W.  i,  sec.  36,  T.  65-3.  East  end  of  long  peninsula. 
3r  Abbro. 

On  the  main  land  south  of  the  peninsula,  are  exposures  along  the 
Mr  cw  of  the  ridge,  which  weather  like  gabbro.  No  outcrop,  however, 
&=>  pears  along  the  shore. 

X  E.  i,  N.  W.  i,  sec.  36,  T.  65-3.  East  end  Loon  lake.  A  good 
^^  ^osure  of  a  massive  character,  without  an  indication  of  bedding. 
*  '-It  examination  shows  it  to  be  of  the  character  of  the  magnetitic 
^  ^  te. 

Tiock  714.     Magnetitic  slate,  showing  no  bedding. 
»r.  W.  i.   N.  W.  i,  sec.  86,  T.  65-3.     Near  point  of  cape.     East 
^^^.     A  fine-textured,   uniformly  dark  gray  rock,  in  which  the  ele- 
^^tits  of  a  uoryte  can  be  discerned. 

S.  W.  i,  S.  W.  i,  sec.  25,  T.  65-3.     On  the  cape,  north  of  point.     A 
^^iflF  of  slate  125  feet  high,  having  gentle  dip  southward. 

This  is  succeeded  easterly  by  a  precipice  of  gabbro.  This,  at  the 
**^tern  end  forms  a  perpendicular  face  35  feet  high,  with  quite  a  ba- 
•**tic  aspect.     Below  is  a  talus  reaching  to  the  beach. 

K.  E.  i,  S.  W.  i,  sec.  25,  T.  65-3.     East  end,  north  bay.     A  low 
^^tcrop  of  medium  texture  gabbro. 
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N.  E.  i,  S.  W.  J,  sec,  25,  T.  65-3  Clo«e  by  the  last.  Heavy-bed- 
ded, eruptive-looking  slate — same  as  at  rocks  699,  700  and  706-7. 

N.  E.  i  S.  E.  i,  sec.  26,  T.  65-3.  One-third  mile  west  of  the  last. 
Low  exposure  of  coarse  grained  gabbro. 

Rock  715.     Coarse-textured  porphyry. 

Above  this  is  the  porphyritic  noryte.  My  use  of  different  terms — 
noryte  and  gabbro — cannot  be  made  precise  in  the  field.  I  name  the 
rock  noryte  when  both  the  basic  plagioclase  and  the  augite  are  of 
granular  form — they  are  also  generally  fine.  I  call  it  gabbro  when 
their  forms  are  lamellar  or  coarsely  crystalline — in  which  case  magne- 
tite is  more  conspicuously  present,  and  sometimes  olivine.  I  think, 
after  making  the  tour  of  Loon  lake,  that  perhaps  all  the  erupted  rocks 
are  gabbrolitic  essentially. 

On  the  portage  to  Gunflint  lake,  one-eighth  mile  from  Loon  lake. 
Oabbro  of  medium  texture. 

§27. —  IRON  OR   MATHEW   LAKE. 

This  is  a  long,  narrow,  east-west  lying  lake,  three  miles  of  which 
are  in  the  extreme  southern  part  of  T.  65-2  W.  and  one  mile  in  the 
southeast  corner  of  T.  65-3  W.  Its  average  width  does  not  exceed 
twenty  rods.  The  shores  are  only  moderately  elevated,  but  generally 
rocky  and  irregular  in  outline,  and  extending  on  the  south  side  into 
one  narrow  bay  three-quarters  of  a  mile  in  length  with  its  axis  south- 
west by  west.  The  borders  of  the  lake  are  shaded  by  a  light  forest. 
The  narrowness  of  the  lake  causes  the  opposite  forests  to  seem  to  shut 
together  and  exclude  the  visitor  from  connection  with  the  world.  He 
seems  imprisoned  in  a  narrow  slit,  from  which  the  strongest  impulse 
is  to  escape. 

The  rim  of  the  lake  is  mostly  massive  gabbro.  This  in  places  is  so 
strongly  charged  with  magnetite  that  one  might  truthfully  conceive 
of  the  prison-lake  as  iron-bound.  The  abundance  of  magnetite  caused 
attention  within  a  few  years  to  be  directed  to  the  region,  but  investi- 
gation showed  the  ore  to  be  strongly  titaniferous.  Results  of  details 
of  observations  and  a  chemical  analysis  are  given  in  the  tenth  annual 
report  on  the  geology  of  Minnesota,  pages  80,  81,  82  and  83. 

The  lake  is  161  feet  higher  than  Gunflint  lake  and  1,213  feet  above 
lake  Superior.  It  is  nearly  at  the  elevation  of  the  high  gabbro  bluffs 
of  the  adjacent  lakes,  Gunflint,  Loon,  Mountain  and  others;  and  this 
may  explain  the  low-lying  relative  position  of  the  gabbro  shores  and 
islands. 
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Au  obscure  portage  trail  goes  out  from  Loon  lake  at  a  point  on  the 
south  shore  precisely  south  of  the  east  point  of  the  long  peninsula.  It 
is  about  half  a  mile  in  length  and  ascends  steeply  to  the  summit  of 
the  intervening  ridge  whence  a  slight  descent  leads  to  Iron  lake. 

S.  W   I,  S.  E.  i,  sec.  36,   T.  65-3.     Iron  lake.     An  island  half  a 
mile  east  of  end  of  portage.     A  naked,  crumbling  gabbro  dome. 
Rock  790.     GabbrOy  coarse,  crumbling,  highly  magnetitic. 
The  rock  is  of  similar  character  on  the  south  shore  opposite. 
N.  W.  i,  S.  W.  i,  sec.  31,  T.  65.2.     North  shore.     Black  sheets  of 
magnetite  are  seen  spreading  out  in  the  gabbro  in  an  irregular  way. 
Here  and  there  fragments  of  the  gabbro  are  involved  in  it.     The  ap- 
pearauce  is  as  if  the  magnetite  had  existed  previously  and  been  intro- 
duced into  the   mass  of  fluid  gabbro,  and   never  generally  difiTused. 
There  is  sometimes  a  green  mineral  like  copper  carbonate  which  I  re- 
served for  subsequent  examination. 

itock  791.     Magnetite  in  gabbro,  with  green  mineral.     Iron  lake. 
This  locality  was  revisited  and  more  carefully  studied.     It  furnishes 
a  large  quantity  of  titaniferous  iron  ore. 

But  the  most  interesting  fact  is  the  occurrence  of  gabbro  uncon- 
formable on  a  sedimentary  rock  which  appears  thus  far,  to  belong  to 
the  Animike  (794:).     I  think  it  will  go  with  the  ** Muscovado,"  studied 
last  year,  and  which,  after  careful  examination  in  many  places,  I  con- 
<«luded  to  be  sedimentary.     It  contains  some  quartz  and  much  glassy 
feldspar.     I  think  it  is  this  bed    which  in  the  tenth  annual  report, 
J).  81,  is  referred  to  as  a  '*gray  quartzyte  (apparently),"  and  also,  as 
^'appearing  like  a  granular  gray  quartzyte,  but  really  consisting  of  the 
^ninerals  that  go  to  make  gabbro." 

I  find  in  this  vicinity  fragments  of  Animike  slate,  well  rusted;  but 
^vhen  broken,  a  black,  lustreless  mineral  appears  which  can  be  traced 
^Q  outline  into  the  rusted  coat.     This  must  be  examined. 
Rock  795.     Rusted  Animike  slate. 
Rock  796.     Titaniferous  gabbro,  with  red  zone. 
This  is  to  be  used  to  ascertain  whether  the  red  zone  results  from 
^2hauge  of  the  magnetite  or  of  olivine 

Rock  797.     Muscovado,  from  fragments  on  the  gabbro — some  clearly 
stratified. 

Rock  798.     Hornblendic  and  greenstone  pebbles,  mixed  together  in 
•^  groundmass  of  syenite.     From  a  bowlder. 

North  shore  Iron  lake  east  end,  in  sec.  33,  T.  65-2      One  of  numer- 
ous exposures  of  gabbro  containing  much  magnetite. 
Rock  792      Gabbro  with  titaniferous  iron. 
38 
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Rock  793.  From  a  bowlder,  but  known  to  belong  to  the  Animike 
of  Gunflint  lake.  The  rustiness  of  the  exterior  awakens  curiosity. 
The  rock  is  to  be  investigated  for  chalybite  or  ankerite.  [P.  S. — The 
rock  effervesces  with  acid;  but  the  fully  changed  red  portion  does 
not]. 

The  course  of  the  descriptions  here  returns  west  again  and  takes  up 
the  geology  of  certain  lakes  belonging  to  the  second  series  south  of 
the  boundary  series. 


$   28. — FROO   ROCK   LAKE. 

This  small  lake  is  in  the  western  part  of  T.  65-5,  lying  chiefly  in 
sec.  18,  but  extending  to  the  middle  of  sec.  17  and  a  short  distance 
into  sec.  11).  It  is  southwest  from  West  Seagull  lake  and  drains  into 
it  and  thence  into  Seagull  and  Saganaga.  It  is  surrounded  by  low, 
mostly  naked  hills  of  dark,  solid,  eruptive-looking  rocks,  some  of 
which  seem  to  be  highly  altered  or  siliceous  conditions  of  the  Kewatin 
series.  It  is  however,  the  region  of  passage  from  the  vertical  crystal- 
line schists  of  West  Seagull  lake  to  the  vertical  earthy  schists  and 
conglomerate  of  Ogishke-muncie  lake.  Some  of  the  eruptive-looking 
masses  rise  in  rounded  domes  25  to  50  feet  above  the  lake.  In  the 
eastward  direction  are  seen  hills  which  appear  to  be  200  feet  high. 

I  devoted  considerable  time  to  this  lake  and  hoped  to  get  an  insight 
into  its  geology;  but  the  situation  is  difficult  and  I  can  hardly  do 
more  than  reproduce  the  facts  as  I  observed  them. 
*  The  principal  approach  to  the  lake  is  from  West  Seagull,  along  a 
portage  about  a  third  of  a  mile  in  length,  which  passes  over  a  treeless 
hill  abounding  in  geological  interest,  with  the  sound  of  the  cascades 
in  the  connecting  stream  arising  on  the  west.  We  return  to  the 
northern  extremity  of  that  portage. 

N.  E  i,  N.  W.  I,  sec.  17,  T.  65-6.  Near  foot  of  portage,  not  far 
east  of  portage  landing.  The  rock  exposed  on  shore  is  similar  to  that 
of  540,  Knife  lake,  but  distinctly  more  schistic,  and  much  less  quartz- 
ose.     It  is  a  felsitic,  chloritic  argillyte  (844)  of  irregular  structure. 

Within  eight  rods,  the  formation  passes  to  a  fine  argillo-micaceous 
schist,  of  quite  normal  structure.  Still  further  it  becomes  greenish, 
harder,  less  distinctly  bedded,  with  crystals  of  feldspar  and  veins  and 
aggregations  of  quartz  (compare  below,  rocks  582-90).  Further  still, 
the  rock  becomes  a  porphyrelloid  graywacke  of  greenish  color,  contain* 
ing  both  opaque  and  glassy  feldspar  crystals  (compare  under  rocks. 
'«3-90). 
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Rock  845.     Argillo-micaceous  schist. 
Rock  846.      Porphyrelloid  gray wacke  (compare  584). 
On  an  earlier  trip  over  this  portage  the  following  observatioDs  were 
recorded : 

Massiye  domes  of  graywackenitic  rock  appear,  alternating  with  a 
handsome  and  rather  striking  porphyrel. 

One-eighth  mile  on  the  portage.     The  porphyrel  contains  mostly 

oblong   forms  of  feldspar,    some   of  which   are  angular  and   others 

rounded.     There  are  also  scattered  cuboids  of  quartz  exactly  like 

those  seen   in  the  characteristic  Saganaga  syenite— but  these  are  not 

everywhere  distributed.     The  groundmass  appears  highly  chloritic, 

i  and  the  feldspar  individuals  are  not  sharply  isolated  from  it. 

In  places,  the  graywacke  is  quite  chloritic,  and  angular  fragments 
of  itself  or  a  less  chloritic  rock  are  imbedded  in  it.     This,  on  the 
whole,  presents  a  resemblance  to  the  Stuntz  conglomerate.     In  some 
specimens,  the  included  fragments  are  more  decidedly  of  the  aspect  of 
the  Stuntz  conglomerate. 
i       Rock  583.     The  prevailing  graywacke. 
Rock  584.     The  prevailing  porphyrel. 
Rock  585.     Gouglomeritic,  chloritic  graywacke. 
I       The  graywacke  contains  iron  enough  to  impart  sensibly  increased 
m  weight.    In  places  it  is  crystallized  in  seams  and  fissures  as  hsBmntite. 
J  The  rock  is  also  intersected  with  veins  of  quartz  and  of  epidote. 

h  the  chloritic  portions,  where  the  conglomeritic  condition  appears, 
the  rock  reminds  me  of  that  on  the  south  side  of  Fall  lake.  But  these 
portions  also,  are  most  abundant  in  iron,  and  sometimes  give  a  red- 
™h  streak  (586).  In  places,  the  included  fragments  have  a  parullel- 
Jiininated  structure,  as  if  from  a  sedimentary  rock. 
Rock  586.  Chloritic  groundmass  with  much  iron. 
R<>ck  587.  Fragment  of  included  laminated,  angular  mass,  with 
ifon  and  ao  epidote  seam. 

^Aslproceed  over  the  hill,the  country  rock  becomes  still  more  chloritic 
*io  places,  hard  and  jointed;  in  others  standing  in  vertical  irregular, 
cuneiform  lamina;  (589).  It  is  cut  by  occasional  veins  of  quartz  (590), 
one  of  which  is  a  foot  wide. 

Prog  Rock  lake,  head  of  rapids  out.    Here  is  a  dike  of  beautiful 
diabase  (591),  over  which  the  stream  takes  its  first  plunge.     But  in 
^^  midst  of  the  diabase,  I  find  fine  graywacke;  as  if  two  dikes  ap- 
P^chcd  each  other. 
Rock  592.     Graywacke  between  two  masses  of  diabase. 
I  took  a  photographic  view  of  the  falls  at  this  place. 
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S.  E.  i,  N.  W.  1,  sec.  17,  T.  65-6.  North  shore  a  few  rods  from 
outlet.  Compact,  massive,  bluish  rock,  weathering  schistic,  bat  like 
felsyte  within. 

Kock  847.     Felsj'te  schist. 

S.  E.  1,  N.  W.  h  sec.  17,  T.  65-5.  Twenty  rods  further  west. 
Similar  to  last,  but  greener.     Kock  848. 

S.  W.  i,  N.  W.  i,  sec.  17,  T.  65-5.  Low  dome  of  handsome  diabase 
(849)  in  form  of  a  dike. 

S.  W.  t,  N.  W.  1,  sec  17.  T.  65-5.     Chlorite  granulyte— rock  860. 

S.  W.  1,  N  W.  1,  sec.  17,  T.  65-5  Less  than  half  a  mile  from  out- 
let  of  lake.  A  low  outcrop  of  a  green  rock,  composed  of  a  green  fib- 
rous mineral  and  a  little  light  feldspar.     A  greenstone,  rock  851. 

S.  W.  1,  N.  W.  i.  sec.  17,  T.  65-6.  Here  (852)  the  greenstone  con- 
tains a  little  more  feldspar,  and  is  intersected  by  a  dike  of  diabase; 
but  no  well  defined  line  of  contact  between  the  two  can  be  found. 

S.  E.  J,  M.  E.  1,  sec.  18.  T.  65-6.  Greenstone  of  a  finer  texture  and 
harder.     Rock  854. 

N.  E.  i,  N.  E.  i,  sec.  18,  T.  65-6.     Solitary  rock. 

Rock  855.     Greenstone,  a  little  coarser  than  Rock  854. 

S.  W.  1,  N.  E.  i,  sec.  18,  T.  65-5.    Greenstone  of  average  character* 
Glacial  striie  8.  ir  W. 

S.  W.  i,  N.  E.  i,  sec.  18,  T.  65-6.    High  blufiF  of  sericitic  felsyte^ 
similar  to  rock  847,  848. 

Rock  855  bis.     Sericitic  felsyte  schist. 

N.  W.  i,  S.  E.  i,  sec.  18,  T.  65-5.      Here  a  dike  of  compact,  fine — 
grained  diabase  intersects  Rock  8r5. 

S.  W.  i,  N.  E.  i,  sec.  18,  T.  65-5.  High  blufiF  of  greenish  lock, 
intermediate  in  appearance  between  the  greenstone  and  the  sericitic 
felsvte. 

Rock  856.     Like  855,  but  harder  and  darker. 

Near  centre  of  sec.  18,  T.  65-5.  BlufiF  of  fine,  grayish -green  rock, 
appearing  like  the  sericitic  felsyte  schist  in  a  finer  state. 

Rock  857.     FMno,  grayish-green  sericitic  or  chloritic  felsyte. 

Near  centre  sec.  18,  T.  65-6.  Camp.  A  low  outcrop  of  sericitic 
felsyte  (schist?),  rock  858;  dark,  nearly  black,  rough-weathering,  pre- 
senting extornally  quite  a  resemblance  to  the  chloritic  rock  at  Kawasa- 
choug  falls.  Fall  lake  In  the  irregularities  of  the  surface,  one  can 
trace,  sometimes,  courses  of  fibrous  or  laminated  structure,  mostly 
curved  or  even  abruptly  bent;  sometimes  a  jam  of  lenticular  and 
cuneiform  pieces  apparently  due  to  systems  of  jointage;  sometimefi 
a  n  indescribably  rough  and  jag8:ed  aggregate  of  shapeless  pieces.    If 
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numberless  little  balls  of  stiff  flour-coatcd  doagh  should  be  pressed 
tc^ether  from  opposite  directions,  they  would  become  flattened  and 
lenticular,  and  would  adhere  imperfectly;  and  if  then  hardened,  the 
mass  would  present  somewhat  the  structure  of  this  rock,  especially  if 
hard  baked  and  subjected  to  surface  abrasion.  The  pits  and  cavities 
of  the  weathered  surfaces  of  the  rock  are  indefinitely  shapeless  m\d 
ragged,  and  vary  in  depth  to  4,  6  or  8  inches.  No  unequivocal  bed- 
ding can  be  detected;  but  there  is  a  prevailing  trend  in  the  constituent 
lenticules;  and  at  intervals,  a  coincident  general  division  of  the  mass 
by  planes  dipping  about  60^  westward,  and  trending  S.  10°  W.  These 
•tatements,  however,  do  not  apply  to  all  localities  in  this  vicinity. 

On  breaking  the  rock,  one  is  impressed  first,  by  its  comparative 
softness.     The  finger  nail  will  scratch  it  slightly.     Then  there  ap- 
pears a  sericitic  or  talcose  constitution.     This  is  seen  in  the  smooth 
larfaces  of  some  of  the  joints;  and  in  the  soft  and  easily  bruised  state 
of  consolidation;  and  also,  in  the  fibrous  nature  of  some  of  the  jointed 
surfaces.     The  color  is  a  pale  greenish  or  bluish  drab.     Some  of  the 
fracture  surfaces  reveal  thin  scales  partly  disengaged,  and  these  are 
vraxy  translucent.     They  pass  into  the  general  substance  of  the  rock; 
and  it  is  apparent  that  this  material  constitutes  the  principal  part  of 
tbe  mass.     It  is  softer  than  feldspar  and  harder  than  talc.     It  ap- 
^  proaches  calcite.     Some  of  the  jointage  surfaces  have  a  dark  green, 
shining  and  chloritic  appearance. 

This  detailed  description  will  not  all  apply  to  the  rocks  not  denomi- 
nated greenstone,  so  far  as  seen  on  this  lake;  but  the  general  fe  itures 
here  described  are  the  same  as  those  designated  *^  sericitic  felsyte- 
Wihist;"  and  perhaps  those  called  simply  "felsyte  schist."     Special 
comparison  should  be  made.     The  description  does  not  apply  in  any 
Particular  to  the  rocks  denominated  greenstone.      Yet,  I  cannot  affirm 
^hat  these  two  classes  of  rocks  do  not  graduate  into  each  other.     Nor 
^Q  I  affirm  that  this  rock  is  not  eruptive,  even  if  it  does  nr)t  go  with 
^te  greenstones. 

If  this  rock  is  shown  to  be  eruptive,  I  shall  be  willing  to  admit  the 
chloritic  rock  at  Kawasachong  falls  to  be  eruptive  also. 

While  the  observations  from  Saganaga  lake  southward  to  Frog 
Rock  lake  remain  fresh  in  memory,  I  wish  to  make  a  revision  and 
^mparison  of  data  as  far  as  can  be  done  in  the  field,  in  order  to  leave 
^record  of  the  impression  which  the  facts  make  upon  the  mind  of  an 
ob«€rver  passing  over  the  ground.  This  interval  covers  the  mode  of 
^^tnsition  from  syenite  to  the  Kewatin  schists  which  extend  from  the 
'^Kion  of  Vermilion  lake.     Structurally,  the  absence  of  any  uncon- 
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formity  is  an  important  fact.  Petrographically,  the  freqnent  gradual 
passage  from  roeki»  usually  called  eruptive  to  rocks  retaining  distinct 
traces  of  sedimentation  is  a  curious,  almost  an  anomalous  fact.  In 
order  to  reach  a  better  comprehension  of  the  latter  fact  I  make  a  care- 
ful companion  of  rock  specimens.     The  first  result  is  as  follows: 

A.  The  following  are  nearly  identical  with  each  other:  858,  857, 
S55,  S51,  S58,  85«»,  847,  844,  840. 

B.  The  following  are  similar  to  class  A,  but  somewhat  harder: 
856.  848. 

C.  Like  A  in  groundmass,  but  with  minute  shining  scales:  845, 

844 
D      Like  C,  but  porphyrelloid:  584,  846,  860,  886. 

E.  Having  a  groundmass  like  A:  843,  837,  836. 

F.  Haxing  the  feldspar  constituent  altered  toward  a  sericitic  con- 
dition :  841,  838  (approaching  class  E  ) 

It  appears,  therefore,  disregarding  the  diabases  and  greenstones, 
that  a  progressive  change  in  the  character  of  the  country  rock  can  be 
traced  irom  sec.  14,  66*5,  in  Sagauaga  lake,  to  the  present  point.     In 
my  uncertainty  as  to  the  nature  of  the  prevailing  and  characterizing 
mineral — whether  parophitic.  talcose,  serpentinoid  or  sericitic — I  will 
here  call  it  Kewatin  stuff;  9ince  it  is  similar  to  the  mineral  which  I 
find  generally  in  Kewatin  rocks.     (See  especially  Knife  lake,  IVtl^ 
Arm,  north  and  south  bifurcations).     There  is  one  pause  in   the  pas^* 
sage,  and  that  is  to  develop  the  micaceous  (Vermilion)  phase,  at  tha^ 
interval  between  West  Seagull  and  Frog  Rock  lakes.   Recalling  whatr=: 
is  recorded  in  connection   with  West  Seagull  lake,  rock  593,  I  wilK 
endeavor  to  note  the  succession  from  the  Saganaga  syenite  southward— 

1.  Saganaga  syenite  with  constituents  well  isolated. 

2.  Saganaga  syenite  or  gneiss,  quartz  elongated,  feldspar  having  a   - 
partial  groundmass  character. 

3.  Syenite  without  hornblende. 

4.  Hornblende  wanting,  feldspar  transitional  to  Kewatin  stuff. 

The  course  is  now  two-fold. 

5^a).     Quartz    and    Kewatin  5  (b).     Quartz    and    Chloritie 

stuff — no  feldspar  except  in  por-  stuff — sometimes  feldspar, 
phyrelloid  condition. 

6(a).     Crystalline    schist,    or  6(c).     Chlorite  .schist,   or  (d) 

(b)  Kewatin  rock.  Kewatin  rock. 

7  (a)      (iraywacke,  or  (i)  Ke-  7  (c).     Graywacke,  or  (d)  Ke- 

waiin  rock.  watin  rock. 
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AH  these  stages  of  progress  can  be  traced  from  Saganagalake  tc 
place.     The  syenite  indeed  reappears  south  of  the  lake;  but  I  thi 
line  of  travel  could  be  found  along  which  there  would  be  no  retrog 
si  on.     The  reappearance  of  syenite  results  probably  from  the   \ 
that  the  south  border  of  the  syenite  is  not  a  straight  east  and  vi 
line«  but  crosses  more  than  once  the  line  traveled,  thus: 


Fig.  65. — Stipjwsed  southern  border  of  Saganaga  syenite^  three  times 

cro,^sing  line  of  obserration. 

NoTB. — In  tills  figure  the  numbers  refer  to  rock  samples  collected  as  follows  : 
•hows  place  of  rock  835-7.  143S  shows  place  of  842. 

X-t«6      "  «•  "     838-41.  1439      '*  **  843. 

[N.  H.  W  ] 

I  venture  to  think,  therefore,  (1).     That  we  have  the  crystalline 
hist  stage  (Vermilion)  from  the  south  part  of  West  Seagull  lake  to 
e  north  part  of  the  portage  to  Frog  liock  lake. 
<2).     We  have  the  Kewatin  stage  thence  to  this  point  and  beyond, 
e  inference  is  that  the  rock  here  is  sedimentary,  and  not  eruptive; 
d  that  therefore,  the  Kawasachong  rock  is  also  not  eruptive. 
(3).     The  greenstone  is  an  overflow,  which  perhaps  has  covered  the 
'^Viole  region,  and  has  powerfully  altered  the  underlying  Kewatin;  but 
**ii8  was  probably  the  northern  and  thin  portion  of  the  sheet;  and  it 
h^©  been  removed  at  many  points.     I  should  look  for  it  to  be  thicker 
^^'Ward  the  south. 

West  of  centre  of  sec.  16,  T.  65-5.     N.  W.  bay  of  Frog  Rock  lake. 

*^Ock  on  shore  entirely  like  that  of  858.     But  here  a  structure  can   be 

*^^n  trending  east  and  west.     Back  of  this,  a  rock  bluff  rises  40  or  50 

'^^t  above  the  lake,  facing  south.     It  presents  the  same  ragged  ex- 

^fior;  but  fresh-broken,  appears  more  greenish,  approaching  quite 

<^lo8elj  the  Kawasachong  rock. 
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Rock  859     Chlorite  felsy te  (schist  ?) 

Another  crag  85  or  100  feet  high,  adjoins  this  on  the  east,  but  it  is- 
composed  of  entirely  similar  materials.  Whatever  these  rocks  are,. 
their  equivalent  is  unquestionably  found  in  the  Kewatin  of  the  Ver- 
milion belt. 

From  this  summit,  1  see  high  hills  10  or  15  miles  distant,  bearing  S» 
60*^  W.  These  must  be  on  lake  Kekequabic  or  beyond.  Also  S.  30°  E  • 
a  high  range  which  perhaps  passes  south  of  Ogishke-muncie.  From, 
here  eastward,  gradually  receding,  can  be  seen  mountain  ranges,  ex- 
tending to  S.  60°  E. 

Rock  860  Porphyrelloid  chlorite  felsy  te  (schist?)  west  of  centre- 
of  sec.  18,  66-5. 

Rock  861.     Aphanitic  diabase,  intersecting  the  formation. 

Rock  862.     Less  fine  diabase,  same  dike. 

S.  E.  i,  N.  W.  i,  sec.  18,  T.  65-5.  N.  W.  cor.  of  lake.  Precisely 
the  same  as  last  two  points  noted. 

N.  E.  i,  S.  W,  i,  sec.  16,  T.  65^.  West  side  of  lake.  At  this  in- 
teresting outcrop  the  formation  is  a  fairly  characterized  sericitic 
schist,  standing  in  thin,  leuticul.-ir  laminae  at  a  dip  of  88°  in  a  direc- 
tion S.  78°  E.  It  is  composed  of  Kewatin  stuff,  with  a  few  fine  graina 
of  quartz,  and  sinuous  films  of  rusty  matter.  It  presents  so  many 
points  of  resemblance  to  the  prevailing  rock  that  I  am  sure  it  goe» 
with.the  sericitic  felsy  te  schist,  and  determines  that  to  be  a  bedded 
rock  of  sedimentary  origin,  as  I  have  conditionally  concluded.  This^ 
is  the  true  continuation  of  the  schists  of  Vermilion  lake;  and  all  the 
rocks  not  greenstones  and  diabases,  around  this  lake,  are  to  be  s't  re- 
regarded. 

Rock  863.     Sericitic  schist,  with  some  gravel. 

Four  rods  north  of  this  outcrop,  the  formation  is  a  little  more  solid,, 
and  the  Kewatin  stuff  is  a  little  greenish,  with  the  same  rusty  films 
and  spots. 

Rock  864.     Sericitic  schist,  near  863. 

Eight  or  ten  rods  toward  the  south.  Rock  with  indistinct  schistic 
structure,  and  having  a  great  resemblance  to  rock  863;  but  quite  as 
much  resembling  the  prevailing  rock  of  the  region.  It  is  a  connect- 
ing link  between  the  Kawasachong  rock  (858)  and  the  sericitic  schist 

of  863. 

Rock  865.     Sericitic  chlorite  felsyte. 

N.  E.  i,  S.  W.  h  sec.  18,  T.  65-5.  West  side  of  lake.  Bluish 
green  rock,  similar  to  prevailing  rock,  but  mostly  with  a  slaty  struc- 
ture.    On  the  whole,  a  rude  slaty  structure  is  quite  apparent. 
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ik  866.     Bluish  argillo-felsitic  schist. 
;k  867.     Rock  8  rods  farther  along  the  shore,  sonth. 
itre  S.  W.  i,  sec,  18,  T.  6>-5.     Xear  eatraiice  to  most  westerly 
Rock  (868)  distinctly  srhistose,  a  little  sericitic,  with   rnuiiy 
h  green  chloritic  points, 
iat  of  land  S.  W.  i,  scu.  18,  T.  65-5.     A  rock  of  smoother  >ispect. 

mostly  hard  and  tough,  but  also  givea  indications  of  argillilic 
titutioa.     It  contains  purple  spots,  mostly  undefined,  but  not  us 

us  jasper.  There  are  also  sjnall  pebbles  of  dark  greenstone.  Un- 
be  water  is  an  obscure  appearance  of  larger  pebbles  and  broken 
tnents.  I  conjecture  this  to  be  the  eastward  extension  of  the 
hhe  conglomeriite,— rock  869. 

little  farther  along  (northwest)  up  the  little  bay,  the  conglomeritic 
acter  is  more  distinct,  and  I  can  perceive  that  the  pebbles  are 
egated  in  courses  standing  almost  vertically.     Adjoining  this,  the 

has  a  rough  chloritic  aspect)  entirely  conformable  in  position  with 
:onglonierate. 

■ntre  S.  W.  \,  sec.  18,  T.  65-5.  East  side  little  bay.'  Rock  (870) 
quasi-diabasic  aspect,  but  also  with  appearance  of  the  country 
Considerable  argillitic  tuaterial,  and  locally  a  slaty  structure. 
;tremity  of  little  bay,  centre  S.  W.  i,  sec.  18,  T.  65-5-  Conglom- 
r,  with  large  pebbles  of  chlorite  syenite, 
ick  871.     Chlorite  syenite  pebble,  from  conglomerate. 

W.  h  S.  W.  i.  sec.  IS.  T.  65-5.  Point  of  same  bay.  .Mouth 
ream  coming  in  at  point  of  little  bay  Rock  (87i)  quite  distinctly 
<tic  and  sericitic.    The  strike  is  S.  10'  W.,  and  it  therefore  passes 

of  the  conglomerate  seen  noar  here. 

W.  i,  S.  W  1,  sec.  18,  T.  *)5.5.  Still  within  little  bay.  Cofu- 
,  sericitic -looking  rock  (873),  but  not  very  schistose. 

W.  i,  S.  W.  i,  sec.  18.  T  65-5.  Mouth  of  bay,  west  side.  Blu- 
compact,  but  slightly  argillitic  rock  (874). 

.  W.  i,  S.  W.  i.  see.  18.  T.  «5-6.  Compact,  slightly  argillitic,  but 
h  pnrpliflh  tints,  as  if  from  obliterated  pebbles  (875). 
i.  eonple  of  rods  further  along  (southeast),  the  rock  is  softer  again, 
llightcT colored.  Still,  in  a  couple  of  rods  it  becomes  undistin- 
uble  from  that,  of  P58.  It  is  the  same  at  the  next  outcrop,  but 
The  teme  continues  along  the  southwest  shore. 

iW.i.a.  W.  1,  sec.  18,  T.  65-5.     A  high  boss  of  greenstone-like 

ltPT8)iirotty  hard  and  compact,  and  generally  rather  fine— in  part 

UVv^*^  uid  riagiug.     This  appears  alter  an  eighth  of  a'inile 
^rof  schist. 
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This  ^'greenstone"  does  not  terminate  at  any  particular  place  along 
the  shore  into  the  southern  bay  of  the  lake.  It  gradually  assumes  a 
rougher  exterior  and  a  softer  character  and  passes  insensibly  into  a 
rock  like  that  of  858. 

Kock  877.     Greenstone  passing  into  chlorite  schist. 

Rock  878.  Greenstone  30  feet  from  877,  more  approximated  to 
chlorite  schist. 

N.  E.  i,  N.  W.  i,  sec.  19,  T.  65-5.  Extreme  southern  shore  Green- . 
stone  (879)  like  that  of  rock  876. 

The  same  continues  along  the  southern  shore  of 'the  south  bay  of 
the  lake. 

N.  W.  i,  N.  E.  i,  sec.  19,  T.  65-5.     Southeast  angle,  southern  bay. 

A  cliff  near  shore  which  proves  to  i)e  undoubtedly  Kewatin. 

Rock  880.     Sericitic  argillyte. 

N.  W.  i,  N.  E.  i,  sec.  19,  T.  65-5.  East  side  of  south  bay.  Green- 
stone like. 

Eight  rods  further  south.  Low,  smooth  outcrop  of  diabasic  rock, 
greenstone  like,  with  fragments  of  light  green  diabase-like  rock. 

Rock  881.     Diabasic  conglomerate. 

Four  rods  further  north.     The  rock  is  more  argillitic. 

Rock  882.     Chloritic  argillyte. 

S.  E.  i,  S  E.  i,  sec.  18,  T.  65-5.  Southeast  bay.  Sericitic  schist 
(8S3)  irregularly  schistose,  with  strike  nearly  north  and  south. 

Pour  rods  further  north  it  is  a  little  bluer. 

S.  E.  i,  S.  E.  i,  sec.  18,  T.  65-5.  Southeast  bay.  Sericitic  argil- 
lyte,  but  becoming  bluer  and  harder. 

S.  E.  i,  S.  E.  i.  sec.  18.  T.  65-5.     East  side.     Same  as  rock  858. 

A  few  rods  still  farther  north.     Greenstone. 

§  29. — TOWN   LINE   LAKE. 

A  small  lake  on  the  line  between  Ts.  65-5  and  65-6,  having  a  iei^gth 
east  and  west,  of  two-thirds  of  a  mile  and  a  mean  width  of  40  rods. 
It  is  utterly  destitute  of  scenic  or  agricultural  interest.  The  primitive 
forest  is  mostly  destroyed,  but  second  growth  poplars  are  becoming 
abundant.  Geologically  it  lies  on  the  transition  from  the  normal 
Kewatin  schist  to  the  conglomerate  and  associated  rock  masses  sur- 
rounding Ogishke-niuncie  lake. 

The  portage  out  of  Frog  Rock  lake  to  Town  Line  lake  is  at 
the  nearest  approach  of  the  two  and  is  not  over  an  eighth  of  a  mile 
long. 
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L    8.  W.  \,  N.  W.  i,  sec.  18,  T.  65-5.     West  ead  of  portage.    A  knoll 
^  ^F  ehloritic  sericitic  schist  (884). 

8.  W,  i,  N.  W.  i,  sec.  18,  T.  65-5.     North  side.     Incipient  porphy- 

ftl(885).     Some  of  the  weathered  surfaces  are  decidedly  speckled. 
S.  W.  t,  X.  W.  i,  8PC.  18,  T.  65-5.     North  side  near  town  line. 
Ogishke  conglomerate  pretty  well  developed.     Contains  red  jasper 
{886),  not  as  a  pebble,  and  this  is  banded  and  associated  with  hsema- 
tite. 

S.  W.  i,  N.  E.  i,  sec.  13,  T.  65-6.     West  end.     Conglomerate,  but 
not  coarse,  somewhat  porphyritic,  (887). 

S.  W.  i,  N  E.  i,  sec.  13,  T.  65-6.  West  end.  Outcrop  of  rock 
•composed  largely  of  quartz  grains,  with  sericitic  stuff  in  the  interstices 
<88S)      Contains  also,  small  pebbles  or  grains  of  slaty  material. 

S.  E.  i,  N.  E.  i,  sec.  13,  T.  65-6.  South  side.  A  higher  outcrop 
of  ."similar  grit  (889),  but  inclining  more  to  a  grayish  color.  Rock 
quite  schistose.     Strike  S.  20°  W.     Dip  vertical. 

Compare  the  gravelly  schists  on  Ensign  lake.  Report  of  I8S6,  and 
on  Ogishke-muucie  lake,  below. 

S.  E.  i,  N.  E.  i,  sec  13,  T.  65-6.     South  side  of  narrows. 

The  rock  is  compact,  cilrnost  wholly  of  quartz  grains,  with  a  light 
eolored  cementing  material,  which  becomes  pinkish  on  weathering. 

Rock  890.     Quartz  grit. 

S.  W.  1,  N.  W.  i,  sec.  18,  T.  65-5.  South  side  on  town  line.  Por- 
phyrel,  as  on  opposite  shore,  rock  855. 

S.  W.  i,  N.  W.  i,  sec.  18,  T,  65-5.  South  side.  Ragged  rock,  like 
rock  858. 

A  little  farther  east,  it  is  succeeded  by  a  sericitic  rock,  like  that  on 
Town  Line  lake,  rock  884. 

The  portage  from  Town  Line  lake  to  Ogishke-muncie  is  execrable- 
The  bad  trail  leaves  the  former  lake  eii^ht  or  ten  rods  north  of  the 
stream  which  comes  in  with  rapids,  and  leads  to  the  inlet  on  Ogishke- 
DQDcie;  but  the  stream  must  be  forded  twice  before  sufficient  water 
can  be  reached  to  float  a  canoe;  or  else  one  must  make  his  way  along 
a  steep  hill-side  through  thick  brush  to  reach  the  spot.  The  black 
flies  too,  as  late  as  the  12tli  of  September,  were  iuuumerable  and  in- 
Satiate. 

§  30.— OOISHKE-MUNCIB  OB   KENGFISHER   L\KK.^ 

This  lake  was  visited  in  1886,*  and  considerable  study  was  bestowed 

'See  FkfUemth  Ann   Hfp  l&%pp.  15C-167. 
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upon  it;  but  it  was  not  much  investigated  in  the  region  Aortheast  of 
the  narrows  in  section  ti8,  T.  65-6.  Thetwo  parties  in  this  part  of 
the  SState  made  a  rendevous,  therefore,  on  Camper's  island,  for  the 
purpose,  among  other  objects,  of  completing  the  survey. 

S.  E  1,  N.  W.  i,  sec.  24,  T.  65-6.  Here  is  a  bluff  of  crumbling 
schistic  rock  (891)  forming  an  earthy  talus.  It  is  a  sericitic,  gritty, 
irregularly  bedded,  slate.  Strike  in  the  direction  of  the  little  bay,  N. 
40°  E. 

Adjoining  this,  on  the  southeast,  within  four  rods,  is  a  bluff  of 
characteVisticy  coarse  conglomerate.  Other  ridges  succeed  southeast- 
ward,  which  are  also  conglomerate. 

The  unplatted  little  lake  on  the  southeast  is  at  least  20  feet  above 
Ogishke-muncie. 

N.  W.  i,  N.  E.  i,  .stc.  24,  T.  65-6  Here,  six  or  eight  rod.'*  back 
from  the  shore,  and  separated  from  it  by  a  narrow  valley,  rises  a  ridge 
25  feet  wide  and  20  feet  high,  from  low  ground  each  side,  trending 
southwest  and  northf'ast,  of  a  rusted  exterior  and  very  rough  and 
brecciated  aspect.  An  unmistabable  bedding  is  present  standingja  a 
vertical  position.  When  broken,  the  rock  ai)pears  composed  of  cal- 
careous or  dolomitic  matter,  which,  in  places,  is  light  colored  and 
characteristic.  Everywhere,  however,  it  has  an  uneven,  semi-brecci- 
ated  structure,  and  it  incloses  fragments  which  are  pretty  slaty  in 
color  and  substance.  Some  of  the  surfaces  of  the  formation  are 
smooth,  sericitic-lookiug  and  often  argillitic. 

Kock  ^92.     Brecciated  dolomyte  (limestone?) 

Following  along  the  strike  of  the  formation  south  westward,  a  few 
rods,  it  is  seen  in  places  quite  argillitic,  with  a  sericitic  aspect. 

Rock  893.     Sericito-argillitic  dolomyte. 

The  ridge  on  the  southeast  within  eight  or  ten  rods,  and  rising  .30 
feet  above  the  dolomyte  ridge,  is  composed  of  silico-argillaceous  ma- 
terial, partly  quite  solid,  and  partly  laminated  and  crumbling. 

Kock  894.     Silico  argillaceous  slate. 

The  ridge  on  the  northwest  side  of  the  dolomitic  one  is  formed  of 
hard  material,  breaking  in  many  angular  pieces.  Under  the  lens,  it 
appears  formed  of  small  spherical  grains  of  quartz  imbedded  in  a 
groundmass  which,  in  places  is  very  scant,  and  in  others,  half  the 
bulk  of  the  rock.  It  has  a  felsitic  aspect.  It  is  simply  Kewatin  stuff. 
I  notice  also,  numerous  small  siliceous  scales.  This  ridge  fronts  the 
lake  and  is  only  about  16  rods  from  the  southeast  ridge,  with  the  lower, 
dolomitic  ridge  between. 

Rock  895. .  Felsitic  grit  (or  argillo-felsitic). 
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lis  groundmass  is  not  harder  than  calcite,  and  cannot  be  purely 
tic.       IQ^earer  the  lake  are  good  vertical  argillytes. 
^ar  this,  south  of  the  prolongation  of  this  ridge,  I  find  the  rock  a 
h-iTv^eathering  sericito-argillitic  slate,  like  the  bluff,  rock  &91. 
.  W.  i,  N.  E.  i,  sec  24,  T.  65-6.     High  ridge  on  lake  border,  hav- 
a  vertical,  alaty  structure,  except  in  places,  where  it  looks  erupt- 
It    is  composed  mostly  of  argillitic  material,  but  contains  many 
ns  of   quartz 
ock   S96.      Gritty  nrgillyte. 

L  pla.ees.  the  formation  contains  large  pebbles,  and   the  iuterven- 
groundmass   weathers   white,    and   reveals   a   distinctly  fibrous 
eture.       In  the  same  places,  the  fresh-broken  surfaces  scarcely 
^al  the  existence  of  pebbles. 

.  W.  i,  N.  E.  1,  sec.  24,  T.  65-6.  The  next  ridge  southeast  of 
v  S96,  composed  of  very  hard,  diabasic-looking  material  uhich 
*ains  pebbles. 

Lock    897.     Matrix  of  diabasic  conglomerate. 
lIohi;  side  of  this,  however,  and  eight  feet  lower,  a  distinctly  slaty 
k    outcrops  (898),  having  a  sericitic-argillaceous  aspect — and  the 
■>  graduate  together. 

Cext  higher  ridge  ten  rods  southeast.     Indistinctly  conglomerate, 
:h  groundmass  containing  many  dark  green  grains  and  lumps,  some 
irtz  particles,  and  much  argillo-felsitic  matter. 
[?ock    899.     Argillo-felsitic  groundmass. 

The  highest  hill  about  one-fourth  mile  back  from  the  lake.  The 
-ruation  is  thoroughly  conglomerate,  but  very  compact  and  frequent- 
hard — sometimes  ringing.  A  few  rods  further  southeast,  the  form- 
on  reveals  a  structure  which  is  sedimentary  beyond  possible  ques- 
n-  Parallel  bands  of  graywackenitic  material  can  be  traced  for  30 
»t  in  a  direction  N.  20°  W.  In  the  same  place,  other  structure  lines 
1  be  seen,  bending  around  what  appear  to  have  been  separate  masses 
the    same  rock. 

riie  surface  of  the  rock  is  studded  with  spheroidal  concretions  (9IX)), 
Lich  have  been  cut  in  section  and  have  hollow  centers  apparently 
the  solution  of  the  interior  portion.  They  are  not  pebbles,  for 
jy  are  all  very  similar,  and  besides,  reveal,  in  some  cases,  concen- 
c  lines      See  the  figure. 

Fn  a  neighboring  spot,  the  strike  of  the  beds  is  quite  different,  and 
ere  are  coDComitant  indications  that  these  portions  of  the  formation 
»  simply  huge  fragments  of  the  general  mass,  which  were  displaced 
ring  the  deposition  of  the  original  sediments. 
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Fig.  56. — Bock  surface  in  Ogishke  conglomrrate,  showing  sedimentiirp 

structure. 

Fig.  57. — Spheroidal  concretions  in  matrix  of  Ogishke-conglomerole. 

In  further  tracing  these  ntratified  materials,  I  find  in  one  pluce  a 
continuous  sweep  through  about  85°  of  a  circle.  This  is  fifteen  feet 
wide,  and  the  circuit  is  about  forty  feet. 


§  31.- 


-CBAB   LAKE. 


This  is  a  small  lake  lying  in  the  north  half  of  sec.  14,  T.  66-6,  en- 
vironed by  a  lonely  and  desolate  wilderness  and  set  in  a  massiye  rim  of 
gray wackeni tic  and  slaty  rocks, rising  in  fretjuent  dark-weathered  and 
rounded  bosses.  Ouided  by  the  government  plat,  I  entered  from  the 
most  northern  extremity  of  Ogishke-muncie  lake,  supposing  there- 
would  be  a  portage  of  a  few  rods;  but  it  proved  to  be  aboat  half  a 
mile,  without  the  least  signs  of  a  trail.  There  is  a  low  valley  ronninfc 
through,  densely  grown  with  alders  and  other  shrubs  On  the  north 
of  this  is  a  high  ledge,  difBcult  to  climb.     But  the  best  transit  is  made 
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bjleaTiDgthe  valley  and  working  along  on  the  ledge;  and  it  is  finally 
necessary  to  cross  the  west  end  of  the  ledge,  to  descend  to  the  lake. 

The  fact  is,  the  lake  begins  at  least  g  quarter  of  a  mile  west  of  the 
point  indicated  on  the  plat. 

The  goTernment  plat  of  this  lake  is  so  erroneous  that  I  undertook 
to  reconstruct  it.  I  find,  however,  that  some  of  my  memoranda  are 
ambiguous;  and  I  therefore  refrain  from  making  alterations  except  in 
the  sontheaaterD  part.     The  northern  portion,  however,  is  egrcgiously 


wrong. 


T65 


''K  -  58. — Sketch-tnap  of  Crab  lake,mth  notes  of  localities  and  geology. 
***«3T«.— Od  the  above  map, 

£<o.  1493  indiolea  tbe  locality  for  rock 901-8. 

*■      1193his  "  '■  8M. 

**     14.H  "  "  nos. 

•■  1495  "  "  906. 

•■  1486  "  "  fl07. 

■■  14B9  •■  »  103. 

•  *  ISCO  "  "  mifl. 

••  1S02  "  ■'  810, 

•*  1103  "  '■  91J. 

■•  1504  •■  "  S12. 

"  ISOfl  "  "  913. 

*•  l«ff  "  "  014. 

"  1B08  "  "  BIS. 

N.  H.  W. 
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K.  W.  i,  sec.  13,  T.  65  6.  On  the  portage.  High  precipice  north 
of  the  stream  flowing  from  </rab  lake  to  Ogishke-muncie.     Here  are 

Tarioiis  conditions  of  the  conglomerate. 

Rock  001.     Conglomerate. 

Rock  902,     Porphyrel. 

Rock  90S.     Matrix  showing  bedding  lines. 

Fifteen  rods  farther  west,  same  ridge.  Conglomerate,  with  large 
quartz  grains. 

Rock  90^.     Porphyritically  quartzose  conglomerate. 

S.  \y.  i,  N.  W.  i,  sec.  13,  T.  65-^i.  Samd  ridge.  30  rods  farther 
west  The  formation  has  become  a  thin -bedded  slate,  but  with  some 
strata  massive  and  finely  arenaceous. 

Ri»ek  'Od.     Arcrillyte,  somewhat  arenaceous. 

S.  E  t  N^»  E.  i,  sec.  14.  T.  OVd.  Near  east  end  of  lake,  north 
side.  L-onglumerate,  but  fine,  gritty,  and  not  characteristic. 

R'  tk  906.     Fine  gritty  conglomerate. 

S.  E.  i,  X.  E.  i.  sec.  14,  T.  ♦i5-6  Gritty  gray  wacke,  with  horizon- 
tal bedding,  but  evidently  su{>erinduced. 

S  E.  i,  X.  E.  t,  sec.  14,  T.  65-6.  Graywacke  9«>T',  not  gritty, 
weathering  with  a  cellular  surface. 

S.  E  i,  X.  E.  1,  sec.  14,  T.  65-r>.     Great  bosses  of  graywacke 

S  W  i,  X.  E  i.  sec.  14,  T.  65-6.  Great  mass  of  graywacke  (90S), 
without  trace  of  bedding,  like  rock  907,  but  with  many  minute  glis- 
tening feldspar  surfaces. 

This  is  followed  by  a  very  bold  cliff  standing  vertically,  and  rising 
35  feet  above  the  lake.  This  subsides  as  we  round  the  promontorj, 
and  for  a  few  rods,  no  outcrop  occurs. 

3.  W.  t.  X  E.  t-  s'ec.  14.  T.  66-5.  Mostly  graywacke,  but  spar- 
ingly conglomeritic. 

Bock  'X^.     Graywacke  or  groundmass. 

Then  succeeds  another  cliff  25  feet  high,  of  graywacke,  continuing 
to  next  locality. 

X.  E.  tf  X.  E  i.  sec.  14.  T  65-6.     Graywacke. 

A  low  marshy  place  appears,  at  nearly  the  most  northern  arm  of 
the  lake. 

X  E.  i,  X.  E.  i,  sec.  14,  T.  65  6.     Argillyte  fairly  characterized. 

Rock  910.     Argillyte  with  crystals  of  feldspar. 

S.  E.  i.  S.  E.  i,  sec.  11,  T  65-6.  Compact  argillyte  t911\  irregu^ 
larly  sUty. 

N.  W.  i,  X.  E  i.  sec  14,  T.  65  6.  Characteristic  dark  gray  argxA 
lyte  (912).  slaty. 
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N.  E.  i,  N.  W.  i,  sec.  14,  T.  65-6.     Regular  Knife  lake  argillyte. 

S.  E.  i-  N.  W.  i,  sec.  U,  T.  65-6.  Characteristic  slaty  argillyte 
<913). 

S.  E.  i,  N.  W.  i,  sec.  14,  T.  65-6.  Conglomerate  (914).  but  the 
pebbles  are  mostly  quartzose  and  chert}' — a  few  of  dark  flint. 

As  before,  when  the  pebbles  are  small,  many  of  them  are  suban- 
gular. 

S.  W.  i,  N.  E.  i,  sec.  14,  T.  65-6.  Rock  approaches  the  gi ay wack- 
enitic  groundmass  material  seen  on  the  north  shore  of  the  lake;  but 
it  is  manifestly  conglomeritic,  and  contains  also  crystals  of  a  light 
feldspar.     Except  this,  it  is  similar  to  rock  906,  but  finer. 

Obscurely  porphyrelloid,  graywackenitic  conglomerate. 

S.  W.  J,  N.  E.  i,  sec  14,  T.  65-6.  Graywackenitic  matrix  of  con- 
glomerate.    Similar  rock  continues  eastward  along  the  southern  shore. 

N.  E.  i,  S.  E.  i.  sec.  14,  T.  65-6.  Conglomerate.  Graywackenitic 
conglomerate  continues  to  the  place  of  beginning. 

§   32  —  ZETA    LAKE. 

This  small  lake,  lying  wholly  in  sec  28,  T.  65-6,  is  partly  described 
iu  the  Report  of  1886.*  A  few  additional  notices  are  here  given.  It 
has  two  portages  eastward — one  on  the  south  into  Dike  lake  and 
thence  into  Ogishke-muncie;  and  one  on  the  north  directly  into 
Ogishke-muncie.  As  the  former  was  traveled  by  me  last  year,  I  chose 
now  the  latter.  It  goes  out  of  Ogishke-muncie  south  of  the  point 
shown  on  the  plat.  It  is  a  quarter  of  a  mile  long,  and  very  bad,  over 
rocks  and  through  a  swamp.  The  northeastern  part  of  Zeta  lake  ex- 
ists only  on  the  plat.  The  lake  comes  to  a  point  in  the  S.  W.  i,  N. 
W.  i,  sec  27,  T.  65-6. 

S.  W.  i,  N.  W.  i,  sec.  27,  T.  65-6.     East  end   of  portage   from 
Ogishke-muncie.     Characteristic  conglomerate. 

S.  W.  i,  N.  W.  i,  sec.  27,  T.  65-6.  West  of  same  portage,  Zeta 
lake.     Conglomerate. 

Uock  916  Conglomerate  with  pebble  of  the  most  abundant  kind. 
It  is  a  porphyritic  rock  in  this  case,  with  a  feldspatliio  groundmass. 
But  the  groundmass  (917)  of  the  conglomerate"  itself  tends  to  be  por- 
pbjritic. 

§  33. —  EPSILON   LAKE. 

-^Pailon  lake  was  partially  seen  by  me  in  1886.*     It  is  a  mile  and  a 
^garter  in  length  with  a  mean  breadth  of  a  quarter  of  a  mile,  and  bent 

««iith  <\nn.  Rep.  Minn.  Geol   Surv.,  pp.  156,  158-9. 
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arcuately  in  sees.  29,  20  and  21.  T.  65-6,  having  the  conrexity  turned 
northward.  It  is  bounded  by  rocky  knolls  and  ridges  on  the  north, 
east  and  southeastern  shores.  The  south  shore  is  forest  covered  and 
no  exposures  of  rock  appoar  on  it;  but  half  a  mile  back  is  a  range 
reaching  an  elevation  of  125  feet  or  more.  From  the  range  on  the 
north  we  look  down  on  the  Fourth  Arm  of  Knife  lake  250  feet  below, 
and  100  feet  below  Epsilon  lake.  We  approach  this  lake  from  Zeta 
lake,  throucrh  a  steep  and  rocky  defile  with  a  descent  of  75  feet«  and 
find  a  portage  out  on  the  north  into  Knife  lake  by  a  descent  of  about 
00  feet. 

N.  E.  i,  N.  W.  i,  sec.  28,  T.  65-6.  At  the  foot  of  the  descent  from 
Zeta  lake.  A  precipice  of  dark  argillyte  rises  on  the  east.  The  rock 
is  entirely  free  from  pebbles,  and  very  characteristic.  The  strike  is 
N.  30"  E.,  and  the  dip  is  S.  75".  But  I  notice  on  the  sides  of  the 
sheets,  as  in  the  Kewatin  of  Gunflint  lake,  some  striations,  or  a  fib- 
rous structure  dipping  54*^  W.  The  dip  is  such  that  the  Ogishke  con 
glomerate  is  overlying. 

S.  E.  i,  S.  W.  i,  sec.  21,  T.  65-6.  Bold  promontory  northeast  side 
of  lake.  Slates  varying  from  vertical  to  steep  southeast  dip.  Tn 
structure  ranging  from  proper  slaty  to  fissile-slaty,  and  weathering" 
somewhat  like  Kawasachong  rock  —  but  not  chloritic. 

N.  E.  i,  S.  W.  i,  sec.  21,  T.  C5-6.  Southwest  angle  of  same  prom- 
ontory. Argillyte,  which  on  shore  dips  north  at  an  angle  of  about 
50°,  but  on  the  summit  of  the  hill  back,  which  I  ascended,  dips  S.  at 
an  angle  of  67°,  and  strikes  N.  35"*  E.  So  it  appears  that  a  large  mass 
at  the  point  of  the  hill  has  been  dislocated. 

I  notice  here  some  bands  running  across  the  faces  of  the  lamina^,, 
which  dip  westward  at  an  angle  of  14". 

Rock  918      Argillyte  with  the  banding  spoken  of  above. 

Examining  further,  I  find  these  bands  are  the  outcrop  of  sediment- 
ary planes  on  the  surfaces  of  the  schistic  plates.  They  show  the  real 
dip  of  the  sedimentation,  which  here  is  S.  60"'. 

Re-examining  the  dip  at  the  point  of  the  hill,  I  find  it  about  50" 
toward  southwest,  and  to  exist  in  the  true  sedimentary  bedding.  I 
still  think,  however,  that  this  mass  is  displaced. 

Rock  919.  Argillyte  with  sedimentary  banding  passing  at  right 
angles  through  the  schistic  laminae. 

N.  E  i,  S  W.  i,  sec  21,  T.  65-6.  West  base  of  same  promontory. 
Slate  bluflF  with  bedding  structure  dipping  23°  toward  S.  40**  W.  The 
Bchistie  planes  stand  vertical. 

N  W,  i,  S.  W.  i,  sec.  21,  T.  65-6.     North  side  of  lake  east  of  port- 
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age.  Slate  (920),  bat  more  ancient  looking  than  what  I  saw  at  the 
west  base  of  the  promontory.  The  schistosity  ruus  aa  usual;  but 
there  are  no  separate  bedding  planes.  These  appear  to  conform  with 
the  sehistoaity.  The  rock  looks  exactly  like  the  Kewatin  of  Qunflint 
lake. 

The  snggestion  arises  that  we  have  here  slates  of  Iko  different  sys- 
tems', the  upper  of  which  are  Animike.  But  since  the  schistosity  is 
the  same  in  both,  the  action  which  caused  the  schistosity  was  a  post- 
Aoimike  one,  and  was  felt  here,  but  not  as  far  east  as  Gunflint  lake. 
But  there  must  also  have  been  a  pre-Animike  squeezing.  Even  at 
Ganflint  lake  the  Kewatin  is  squeesed  vertically,  while  the  Animike 
is  almost  undisturbed. 

These  slates  in  weathering,  slide  down  the  high  hill  with  a  decid- 
edly sericitic  habit  and  aspect. 

N.  W.  i.  S.  W.  i,  sec.  21,  T.  65-6.  North  side  Epsilon  lake  Find- 
ing the  formation  so  different,  I  went  back  to  find  the  junction  of  the 
two.  It  occurs  here.  On  the  south  is  the  southward  bedded  slate 
(9S1)  with  vertical  schistosity.  On  the  north  is  rough,  older-looking 
slate,  with  vertical  schistosity,  and  no  grain  or  ribbons  of  bedding  in 
discordance  with  the  schistosity.  After  considerable  search,  however, 
I  found  structure  lines  conformable  with  the  schistosity,  and  giving 
evidence  of  sedimentary  character. 

Rock  92'J.  Slate  showing  discordance  between  schistosity  and  sedi- 
mentary  bedding. 

The  bedding  on  the  south  side  dips  S.  43°.  It  is  a  good  ordinary 
argillyte.  The  other  rock  is  less  regular  in  its  slatiness.  The  two 
oatcrops  are  separate  bosses  ten  feet  apart;  but  it  would  not  have 
been  difficult  with  a  pick  and  spade,  to  trace  the  formations  into 
actual  contact.     The  situation  is  this: 


Kig.  59. — Contact  of  Kewatin  and  Animike  sifstems  north  side  of  Epsi- 
lon lake. 


N.  W.  i,  S.  E.  i,  sec.  30,  T.  65-6.     Ridge  west  of   portage  en- 
trance. 
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The  formsitioa  of  this  ridge  is  Kewatin;  and  it  is  a  prolongation 
westward  of  the  high  ridge,  rock  920;  while  rocks  920  and  921  are 
from  the  eastward  prolongation  of  the  same,  with  some  additional 
beds  on  the  south.  I  find  the  bedding  structure  (923)  here  corres- 
ponds with  the  schistic 

N.  E.  },  S.  W.  i,  sec.  20,  T.  65-6.  Continuation  of  same  ridge  one- 
fifth  mile  further  west.  Slati*s  near  shore;  but  poroditic  slaty  and 
porphyrelloid  farther  back  on  the  summit  of  the  80-foot  hill. 

Kock  024.  Slate  showing  bedded  and  schistic  structures  conform- 
able. 

Rock  025.     Poroditic  porphyrelloid  slate. 

S.  W.  i,  S.  E.  i,  sec  20,  T.  65-6.  Northwest  shore  of  lake.  More 
argillitic  —  slaty,  but  the  structures  are  the  same.  Kewatin  slate  con- 
tinues along  the  remainder  of  the  north  and  west  sides  of  the  lake. 

A  casual  observatiou  of  the  south  shore  of  the  lake  indicated  no 
important  exposures;  but  it  is  to  be  regretted  that  a  more  careful  ex- 
amination was  not  made,  since  it  seems  probable  some  trace  of  Ani- 
mikc  schists,  souihward-dippiug,  might  have  been  discovered.  The 
formation  at  the  outlet  of  Delta  lake,  was  observed  last  year  and  re- 
ported "fine  hard  argillytc,  rather  slaty/*  It  is  so  near  the  point 
above  described  at  the  foot  of  the  descent  from  Zeta  lake  that  prob- 
ably the  formation  is  the  same.  Similar  Argillitic  slates  were 
observed  in  places  all  the  way  from  Kekequabic  lake  and  no  discord- 
ance was  noted  between  schistosity  and  bedding;  but  it  would  be  well 
to  re-examine  the  exposures. 

From  the  west  part  of  Epsilon  lake  I  noticed  at  the  distance  of  a 
mile  or  so,  southwesterly,  a  high  peak.  Thinking  I  might  find  there 
a  cliff  of  Animike  slates  crowned  with  gabbro  I  determined  to  visit  it. 

S.  E.  i,  N.  W.  i,  sec.  29,  T.  65-6.  Near  south  extremity  of  lake- 
Pulpit  Rock.  Ten  rods  back  from  the  lake  rises  a  sheer  vertical  rock 
of  25  feet  above  the  lake,  cut  down  on  all  sides  by  smooth  vertical 
planes.  It  is  some  sort  of  greenstone,  and  has  a  decidedly  greenish 
color  and  sub-:;rann1ar  texture,  soft  and  chlorite-Iike,  with  needles 
and  amygdules  of  calcite — rock  926,  noryte? 

On  the  south,  at  the  distance  of  twenty  feet,  this  eruptive  mass 
comes  in  contact  with  porphyry  But  the  junction  is  not  abrupt. 
There  are  interbedded  alternations  of  the  noryte  and  porphyry,  as  if 
both  were  sedimentary;  but  these  alternations  are  not  repeated  many 
times.  The  porphyry  has  a  purplish  base  and  lamellar  crystals.  The 
following  alternations  were  seen : 

Porphyry.    |    Noryte.    |    Porphyry.     |    N.    |    P.    |    Noryte.    | 
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Bock  927.     Noryte  and  porphyry  in  contact. 

Rock  938.     Fragments  of  porphyry  iu'modified  noryte. 

Proceeding  southward  u  tiuarter  of  a  mite,  the  porphyry  coiitinuea. 
It  is  a  handsome  rock. 

Rock  939.     Specimena  of  purple  porphyry. 

S.  E.  i,  N.  W.  i.  sec  29,  T.  65-6.  South  of  west  end  of  Epsilon  lake. 

High,  prominent  mass  of  porphyry,  presenting  characters  of  an 
eruptive  formation.  The  porphyry  contains  now  fewer  crystals  and 
is  replete  with  green  amygdules. 

Id  our  progress  soath,  I  found  apparently  a  lost,  but  large  piece  of 
iron  jaspilyte  handsomely  banded.  The  following  is  the  plan  of 
structure  and  coloration. 


Fig.  60. — Banded  hanuilitic  jaapilifte,  Epsiton  and  Kekt^/Habic  lal.es. 
Not' in  place. 


rj.  red  jasper, 
pj.  purple  jasper. 
If.  light  flint. 


hh,  black  hiemutite. 
hs.,  hiematitic  schist. * 
\s,  yellow  schist. 


This  bears  a  close  resemblance  to  jaspilitic  schists  heretofore  found 
in  the  vertical  Kewatin  slates.  (fSee  p.  197,  in  this  Report,  and  many 
observations  west  of  Knife  lake). 

S.  E.i,  N.  W.  i,  see.  29,  T.  65-6.  Nearly  midway  between  Kpsilon 
and  Kekequabic  lakes.  The  porphyry  has  increased  in  amount  of 
green  amygdular  mineral,  until  on  a  fresh  surface,  it  begins  to 
resemble  the  noryte;  but  still  diflfers  by  the  presence  of  a  ground- 
mass  of  whitish  color,  and  weathering  quite  white. 

Rock  930.     Porphyritic  greenstone. 

Rock  931.     Fragment  of  Kewatin  shfiwing  two  structures. 

At  a  point  near  the  base  of  the  high  bluff,  the  porphyry  shows  flow- 
age  lines  as  illustrated  below. 
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Fig.  61. — Structure  lines  in  porjihynjy  near  Grant's  peak. 

N  E.  i,  S.  E.  i,  sec.  29,  T.  65-6.  Summit  of  Grant's  peak.  This 
is  a  hig^h  and  sightly  place  about  midway  between  lakes  Eekequabic 
and  Epsilon.  From  here  I  see  the  west  end  of  the  Eekequabic, 
Alpha  and  Beta  lakes,  much  of  Epsilon  and  all  thelYth  Arm  of  Knife 
except  the  eastern  half  of  the  two  terminal  branches.  I  see  the  Twin 
mountains.  Mailman's  peak  and  Prospect  peak  south  of  Ogishke-niun- 
cie  lake.  This  peak  I  name  in  recognition  of  the  valuable  services  of 
a  most  faithfuth  assistant,  Uly.  S.  Grant,  of  Minneapolis. 

This  peak  is  about  200  feet  high,  and  presents  on  the  eastern  aspect, 
:a  perpendicular  precipice  of  100  feet. 

TheTollowing  are  some  bearings  from  Grant's  peak: 

Mallmann's  peak,  S.  42"'  W. 

East  Twin  mountain,  S.  56°  E. 

West  Twin  mountain,  S.  36''  E. 

Prospect  mountain  and  middle  of  Beta  lake,  east. 

Entrance  North  Branch,  IV  Arm  Knife  lake  N.  10^  E. 

These  bearings  are  in  harmony  with  the  locations  of  points  on  the 
plat,  except  that  of  Prospect  mountain;  and  I  think  perhaps  some 
summit  east  of  Fox  lake  was  mistaken  for  Prospect  mountain. 

Grant's  peak  seems  to  be  a  mass  of  purple  porphyry  of  a  truly  erup- 
tive character. 

Kock  932.     Purple  amygdoloidal  porphyry.  Grant's  peak. 

The  numerous  other  hills  east,  west  and  south,  for  the  distance  of 
half  a  mile,  appear  also  like  similar,  rounded  bosses  of  porphyry. 
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^     After  returning  from  a  tour  of  half  a  mile  and  back,  over  this  pur- 
'^^e  porphyry,  I  am  not  possessed  of  a  full  conviction  of  its  truly  erup- 
tive character.     I  find  many  structure-lines  which  conform  to  the 
stratification  of  the  surrounding  country.     It  has  of  course  been  in  a 
highly  softened  condition,  and  in  that  state  has  been  moved. 
Rock  933.     Varieties  of  the  purple  porphyry,  Qrant's  peak. 

§   34. — GARDEN  LAKE. 

♦   On  the  return  to  Vermilion  lake,  my  brother  and  I  determined  to 

^-examine  some  points  on  and  near  Garden  lake;  and  especially  the 

abandoned   iron  location   marked  on  the  plat  as  * 'Silver  City" — an 

^hsard  designation  which  ought  to  fall  into  disuse.     This  region  was 

examined  by  both  of  us  in  1886;*  but  we  had  just  returned  from  very 

extended  observations  of  iron-occurrences  in  the  Animike  slates,  and 

U  was  desirable  to  ascertain  whether  this  experience  would  modify  the 

^termination  recorded  last  year.     I  think  I  may  say  those  dctermina- 

iions  were  not  changed. 

On  the  portage  from  Fall  lake  to  Garden  lake.     A  trench  has  been 

^tended  east  and  west  on  both  sides  of  the  upper  portage,  and  iron- 

sper  exposed  most  of  the  distance ;  but  in  walking  along  it  I  saw  no 

ore. 
Near  Silver  City.     A  quartzyte  (or  rather  quartz  schist),  standing 
vertical,  and  striking  east  and  west,  interlaminated  with  green  chlor- 
itic  matter,  in  which  are  imbedded  octahedrons  of  magnetite.     Needle 
it  here  reversed. 

Rock  98^).     Quartzyte  and  magnetite. 

Within  two  rods  of  the  excavation  is  an  exposure  of  siliceous  slate, 
thin-bedded  and  dippin'g  74°  N.  60°  W.  This  certainly  has  quite  an 
Animike  aspect. 

Rock  981.     Magoetitic  siliceous  slate. 

Passing  along  beyond  the  excavation,  we  find  interbandings  of 
magnetitic  quartz-schist  and  something  appearing  like  incipient  mica 
schist.  Also  sericitic  or  brownish  quartz-schist  (981)  and  dark  quartz- 
schist. 

Farther  on,  mica  schist  becomes  still  more  developed;  but  the  mag- 
netitic  quartz-schist  prevails. 

Rock  983      Mica  schist  and  magnetitic  quartz-schist. 
Sometimes  the  mica  schist  is  interbanded  with  chlorite  schist  sim- 
ilar to  that  containing  octahedrons  of  magnetite. 


•  Reported  on  In  Fifteenth  Ann.  J{rp.  Geol.  Surv.  Minn.,  pp.  07-73,  329. 
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Rock  984.     Mica  schist  and  chlorite  schist. 

Rock  985.     Hornblende  schist  associated  with  above. 

These  observations  extend  to  the  rnpids  out  of  White  Iron  lake.  I 
ascertained  last  year  that  syenitic  gneiss  makes  its  appearance  near 
the  head  of  the  rapids.  The  group  of  strata  just  mentioned,  therefore^ 
must  be  regarded  as  exemplifying  the  usual  transition  from  the  earthy 
(Kewatin)  schists  to  the  truly  crystalline  schists  and  gneisses.  The 
peculiarity  of  this  region  is  the  repletion  of  the  schists  with  haematite 
and  magnetite.  Their  conformability,  however,  with  the  entire 
system  of  schists  —  earthy  and  crystalline  —  and  their  close  strati- 
graphic  proximity  to  the  gneisses,  preclude  the  admission  of  the  ex- 
istence here  of  a  supor-Kewatin  formation. 

N.  E.  i,  S.  E.  i,  sec.  28,  T.  63-11.  Garden  lake.  Low  outcrop 
which  seems  to  be  on  the  dividing  line  between  sericitic  schist  (very 
porphyrellyte-Iooking)  and  mica  schist.  I  preserved  specimens  in  two 
stages. 

Rock  986.    More  porphyrellitic, 

Rock  987.     More  micaceous. 

These  additional  observations  illustrate  the  genesis  of  mica  and  horn-^ 
blende  out  of  the  common  material  characte^zing  the  Eewatin  slates, 
and  which  for  convenience  I  have  called  Eewatin  stuff. 

At  Tower,  at  the  end  of  the  season,  the  iron  mines  were  revisited. 

Stone  iron  mine.  A  structure  bearing  some  rpseniblance  to  a  dike 
existed  here  last  year,*  but  at  the  present  time,  the  disintegration  of 
the  south  wall  has  almost  completelv  removed  the  portion  taken  for 
a  dike,  and  dispelled  all  possible  illusion. 

Vermilion  Iron  Mines.  The  rapid  decay  of  the  sericitic  schist 
under  the  influence  of  the  weather,  is  shown  in  the  large  quantities 
of  crumbling  schist  and  white  powder  (9SS)  formed  in  an  open  and 
unworked  excavation. 

Tt  is  to  be  ascertained  why  the  crumbling  is  so  much  more  com- 
plete here  and  the  color  so  much  whiter  than  in  ordinary  exposures  of 
the  sericitic  schists. 

From  an  opening  for  iron  about  five  miles  southeast  of  Tower,  I 
was  handed  the  following  specimens: 

Rock  989.  Fine  banded  quartzyte  (quartz-schist)  associated  with 
iri»n  ore. 

Rock  990.     Graphite,  from  the  above  opening. 

This  association  reminds  one  of  observations  recorded  above  at 
the  old  working  known  as  Silver  city.     The  opening  from  which  they 

•  Described  in  Fi/tetnth  Ann.  Ji^p.  fjfol.  A'm/t.  Minn  pj).  C4,  i.'3J-6. 
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were  obtained  is  about  20  miles  in  a  right  line  from  the  head  of  Garden 
lake;  but  both  localities  lie  very  nearly  on  the  belt  of  the  ''Vermilion 
^roup"  of  crystalline  schists. 

§   35. — GENERAL  SUMMARY  OF  FACTS   OBSERVED. 

The  details  of  observation  recorded  on  the  preceding  pages  possess 
a  high  degree  of  geologic  interest.  These,  with  the  details  published 
in  18S6,  furnish  the  means  for  arriving  at  an  improved  conception  of 
the  nature,  age  and  relations  of  some  of  the  oldest  systems  of  rocks 
known  to  the  geologist,  and  called  collectively  Archaean  or  Azoic.  In 
most  other  sections  of  the  country  presenting  Archaean  rocks  at  the 
surface,  we  find  them  so  greatly  and  so  irregularly  disturbed,  that  ex- 
treme difficulty  arises  in  the  attempt  to  make  out  a  complete  order  of 
superposition.  For  this  reason,  geologists  have  been  widely  at  var- 
iance in  the  views  presented.  Generally,  we  have  acquiesced,  in  a 
provisional  way,  in  the  judgment  reached,  some  years  since,  by  th& 
Canadian  geological  survey  that  the  entire  series  of  pre- palaeozoic 
strata  consists  of  two  divisions,  known  as  the  Laurcntian  system 
below,  and  the  Huronian,  above.  Some,  however,  have  recognized 
three,  four  or  five  systemic  divisions.  Even  Sir  William  Logan  was 
inclined  to  make  two  systems  of  the  Laurentian  On  the  other  hand, 
others  have  failed  to  see  the  grouiuls  for  any  systemic  divisions  of  the 
Archaean  rocks;  and  have  maintained  that  it  is  unwise  to  attempt  a 
division  of  them  until  their  characters  and  relations  should  be  more 
completely  understood.  Divergence  of  opinion  has  been  so  wide,  and 
recorded  conclusions  so  uncertain,  that  within  a  few  years  the  sum- 
mary judgment  has  been  pronounced  that  "our  chances  of  having  at 
some  future  time  a  clear  understanding  of  the  geological  situation  of 
northeastern  North  America  would  be  decidedly  improved  if  all  that 
has  been  written  about  it  were  at  once  struck  out  of  existence.*'* 

These  statements  are  made  to  illustrate  the  extreme  difficulty  of  the 
investigation  of  the  Archaean  rocks  in  the  regions  hitherto  studied; 
and  to  emphasize  the  importance  of  careful  and  competent  observa- 
tions in  a  region  where  the  Archaean  series,  as  in    northeastern  Min- 
nesota, has  escaped  most  of  those  physical  disturbances  which  h  ive 
involved  other  districts  in  confusion  almost  inextricable.     After  the 
ubundant  details  of  facts  accumulated  during  two  seasons,  upon  the 
-Archaean  rocks  of  Minnesota,  a  report  might  well  be  regarded  incom- 
t:>lete  without  a  concise  summary  of  the  general  nature  of  the  facts, 

■•  Whitney  and  WniUworlh  :   The  Azoic  Syttem  awl   ift  prftpo^tU  tubUicivioim,    Bull.  Mn<<.  Comp. 
<jol.   (;rol.  Scric*<.  I,  b'A) 
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and  a  brief  itidication  of  the  inferences  which  they  seem  to  sustain. 
In  this  place  however,  the  reader  will  not  anticipate  any  exhaustive 
discussions.  What  I  have  to  ofter  in  this  conclusion  will  be  more  in 
the  nature  of  a  syllabus  of  the  full  discussion  of  which  the  facts  re* 
corded  might  serve  as  u  basis 

All  the  clastic  rocks  in  the  northeastern  aagle  of  Minnesota,  orait- 
tin<;  here  all  reference  to  the  red  sandstone,  present  an  ancient,  pre- 
palu'ozoic  aspect.  Associated  with  them  are  eruptives  of  various  sorts, 
which  probably  rose  to  the  surface  at  very  diverse  epochs.  The  clastic 
rocks  are  destitute  of  fossil  remains,  as  far  as  known.  Most  of  them 
have  been  subjected  to  metaniorphic  actions;  and  to  a  large  extent, 
the>e  have  been  intense.  Enormous  masses  have  assumed  a  condition 
fully  crystalline. 

Within  the  region  her»  considered,  the  geographical  distribution  of 
the  several  terranes  is  east-northeast  in  the  Vermilion  district,  and 
nearly  east  in  the  district  eastward  from  Knife  lake.  Throughout  the 
entire  region,  the  clastic  rocks — not  excluding  the  so-called  granites 
and  syenites — present  a  bedded  structure,  sometimes  indeed  obscure, 
but  everywhere  disioruible  <»ver  all  considerable  exposures.  Among 
the  granites  and  gneisses  the  bedding  may  possibly  be  regarded  as  the 
result  of  foliation  alone;  but  I  have  been  led  to  think  that  its  direc- 
tion was  predetermined  by  planes  of  sedimentation.  This  question 
however,  at  an  appropriate  time,  will  receive  special  consideration, 
jh^or  similar  reasons,  I  regard  the  bedding  of  the  crystalline  schists  as 
primitively  sedimentary.  The  two  older  systems  of  rocks  have  their 
planes  of  bedding  nearly  vertical — inclining  only  a  few  degrees  in 
one  direction  or  the  other.  The  bedding  of  the  newer  system  is  nearly 
horizontal — inclining  five  to  fifteen  degrees  southward  in  the  regions 
Jiere  reported  on. 

1, — Granitoid  ami  gneissoid  rocks.  Within  the  distiict  under  con- 
sideration, occur  three  areas  of  granite  or  granitoid  gneiss,  which  I 
Avill  here  designate  1. — The  Basswood  granite,  2. — The  White  Iron 
granite,  and  3. — The  Saganaga  granite.  The  names  are  taken  from 
lakes  lying  within  these  areas  respectively.  The  former  two  were 
described,  as  far  as  the  writer's  personal  observations  extended,  in  the 
15th  annual  report  (1886).  The  Basswood  granite  occupies  all  the 
Minnesota  shores  of  Basswood  lake,  except  the  southwestern  shore  of 
Arm  I.  The  shores  of  Arm  V  have  been  but  partially  explored,  but 
that  arm  lies  wholly  within  the  granitic  field  as  traced  out.  From 
Basswood  lake  the  southern  border  of  this  area  extends  west-southwe:$t 
;to  Burntside  lake,  bringing  all  except  the  southwest  bay  and  southern 
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«bore  of  that  lake  within  the  granitic  area.  In  my  own  examinations 
I  have  not  traced  this  boundary  further  west,  but  it  is  known  to  strike 
Yermilion  lake  in  such  a  way  that  most  of  the  northern  shore  lies 
within  the  granitic  area.  From  Basswood  lake  I  have  traced  this 
^anitic  mass  along  the  national  boundary  to  the  middle  of  Iron  lake. 
Other  researches  show  that  the  entire  region  between  Vermilion  and 
Burntside  lakes  and  the  national  boundary  is  occupied  by  an  unbroken 
extension  of  the  Basswood  granite. 

The  White-Iron  granite  occupies  all  the  shores  of  White  Iron  lake, 
•except  fhose  of  the  northern  extremity.  Eastward  from  this,  its 
northern  boundary  runs  a  little  south  and  then  a  little  north  o{  the 
Kawishiwi  river,  and  thence  to  the  western  side  of  Snowbank  lake. 
All  except  a  part  of  the  northwest  shore  of  this  lake  lies  within  the 
White  Iron  granite  area.  Farther  east,  this  granitic  mass  is  lost  be- 
neath a  vast  sheet  of  gabbro.  This  gabbro  covering  extends  in  the 
same  direction  as  far  ad  lake  Gabimichigama,  and  apparently  beyond. 
To  the  south  of  the  northern  boundary  of  the  White  Iron  granite  as 
thus  traced,  this  granitic  mass^has  not  been  explored  by  the  writer, 
except  on  the  shore  of  the  lake,  and  at  the  point  where  it  crosses  the 
railroad  between  Two  Harbors  and  Tower. 

The  Saganaga  granite  occupies  all  the  shores  and  island^  of  the  lake 
of  that  name,  except  the  northwest  shore.  It  does  not  include  Oak 
lake;  but  Red-rock,  West  Seagull,  Seagull,  Granite  and  Pine  lakes 
lie  wholly  within  it.  On  the  south  it  extends  to  Gunflint  falls  of  the 
Boundary  river,  and  its  southern  border  has  been  traced  east  by  north 
into  Canada,  along  a  line  about  a  mile  north  of  Gunflint  lake,  reach- 
ing  the  shore  at  the  rapids  of  Gunflint  river,  and  continuing  half  a 
mile  north  of  the  most  projecting  bays  of  North  lake.  From  the 
western  limit  east  of  Oak  lake,  and  west  of  West  Seagull,  the  Saga- 
naga mass  trends  into  Canada  in  a  mean  direction  east  by  north. 

It  will  be  noticed  that  the  Saganaga  granite  lies  in  the  direction  of 
the  prolongation  of  the  White  Iron  granite;  but  the  two  are  not  in 
continuity  at  the  surface.  All  the  shores  of  Tma  lake,  Ave  miles  east 
of  Snowbank,  are  bordered  by  gabbro,  and  this  rock  has  been  traced 
northward  to  Eekequabic,  around  whose  shores  the  earthy  schists  are 
found  in  place.  Thus  the  whole  breadth  of  the  belt  of  White  Iron 
granite  traced  from  the  west,  is  cut  off  at  the  surface  and  concealed. 
A  little  further  east,  in  the  mountain  range  south  from  Ogishke- 
muncie  lake,  a  different  eruptive,  apparently  more  recent,  occupies 
ihe  surface.  About  Gabimichigama,  the  surface  is  held  again  by  gab- 
bro which  extends  eastward  indefinitely.     But  in  the  fifth  range  of 
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townships  west,  quite  another  terrane  —  the  Animike  —  is  seen  em- 
erging from  beneiith  the  gabbro.     This,  without  attaining  here  any 
considerable  breadth  on  the  north  of  the  gabbro  limi^,  is  found   thin- 
ning out  against  the  southward  slopes  of  the  Saganaga  granite.     A^  ii 
fact  of  surface  observation  therefore,  the  Saganaga  area  is  completely- 
isolated  from  the  White  Iron  area.   So  far  as  the  facts  thus  stated  go, 
it  seems  probable  that  the  two  must  be  regarded  as  continuous  un<ier- 
neath  the  covering  of  more  recent  terranes —  the  Animike,  the  gab- 
bro and  the  greenstone.     This  view  is  sustained  by  the  contrnuity  of 
trend  of  the  neighboring  vertical  schists  through  the  basin  of  Knife 
lake  and  its  long-extende  1  Fourth  Arm.     It  is  further  evinced  by  the 
similar  constitution  and  structure  of  the  Saganaga  and  White  Iron 
granites.     But  the  separateness  is  indicated  on  other  grounds  to  which 
I  shall  refer,  and  my  conclusion  is  that  the  White  Iron  and  Saganaga 
granites  have  only  a  deep-seated  connection. 

As  repeatedly  illustrated  in  the  details  of  observations  reported^ 
these  granitic  masses  exhibit  everywhere  a  vertically  bedded  structure. 
This  is  generally  somewhat  distinct,  and  the  terrane  is  a  characteristic 
gneiss.  The  betiding  is  most  distinct  in  the  neighborhood  of  the  crys- 
talline schists  which  everywhere  flank  the  granitoid  masses.  It  grow» 
less  distinct  as  we  recede  from  their  neighborhood.  The  nearest  ap- 
proach to  the  massive  condition  of  a  typical  granite  is  noticed  along 
the  shores  of  Crooked  and  Iron  lakes,  at  a  distance  of  about  IS  miles 
from  the  schists  of  Burntside  lake.  But  even  in  Iron  lake  the  bedding 
in  many  places,  is  quite  unmistakable.  This  bedding,  it  is  almost 
needless  to  say,  is  the  usual  schistosity  of  the  crystalline  rocks. 

Bedding  of  a  different  sort  is  occasionally  met.  The  terrane  is  di- 
vided by  numerous  planes  nearly  horizontal.  At  times  resulting  lay- 
ers are  less  than  half  an  inch  in  thickness;  generally,  they  exceed  an 
inch.  The  dividing  planes  do  not  possess  the  regularity  and  rigidity 
of  proper  joints,  and  their  cause  appears  to  be  extremely  different. 
Slow  weathering  seems  to  be  indicated  by  the  usual  relation  of  the 
bedding  planes  to  surfaces  of  exposure.  The  most  striking  examples 
of  this  structure  occur  on  the  northern  shores  of  Basswood  lake,  in 
range  nine  west. 

The  characteristic  mineral  contents  of  the  granitoid  rocks  are  quartz, 
orthoclase  and  hornblende  or  mica.  These  constituents  vary  greatly 
in  relative  proportions.  In  the  Basswood  granite,  the  quartz  grains 
are  generally  not  over  a  tenth  of  an  inch  in  diameter.  In  the  White 
Iron  Granite,  they  occasionally  attain  a  diameter  of  a  quarter  or  third 
of  an  inch,  and  in  the  Sagnnaga  Granite,  large  grains  of  quartz  are 
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generally  dispersed,  and  become  a  characteristic  feature  of  that  ter- 
rane,  very  often  reaching  half  an  inch  in  diameter.  The  dark  mineral 
of  the  Basswond  granite  is  very  generally  mica — for  the  greater  part 
biotite,  but  often  hydromica.  Muscovite  prevails  along  Crooked  and 
Iron  lakes,  and  biotite  and  hydromica  at  Burntside  lake.  In  certain 
conditions  of  the  formation,  the  biotite  is  extremely  fine,  badly  char- 
acterized, even  under  the  lens,  and  seems  to  be  in  a  nascent  stale. 
Prom  such  a  condition  of  the  rock  we  pass  in  one  direction,  to  a  well 
defined  mica-granite,  and  in  the  opposite,  to  a  well  defined  hornblende- 
granite.  The  transition  is  transverse  to  the  axis  of  the  bedding.  In 
the  White  Iron  and  Saganaga  masses,  the  dark  mineral  is  chiefly  horn- 
.blende.  But  not  unfrequently  it  is  augite,  and  very  commonly  the 
mineral  has  reached  by  the  process  of  change,  an  earthy  and  viri- 
ditic  aspect.  In  the  Baswood  area'in  the  vicinity  of  Pipestone  falls,  a 
chloritic  mineral  usurps  the  place  of  mica  or  hornblende,  and  instead 
of  occurring  in  distinct  grains  or  individuals,  blends  ofi^ on  the  borders 
into  the  contiguous  feldspar.  This  condition  of  the  granite  is  found 
also  in  the  southern  part  of  lake  Kekequabic,  and  again  in  the  south- 
ern part  of  West  Seagull  and  Seagull  lakes,  and  in  the  west  one  of 
the  long  Arms  of  Saganaga  lake.  Quartz,  in  these  cases,  occurs  but 
sparingly.  Chlorite-syenite  is  a  condition  appertaining  to  the  vicinity 
of  the  schists  which  flank  the  granitoid  masses  on  both  sides. 

As  to  the  feldspathic  constituent,  it  is  prevailingly  orthoclase.  This 
on  fresh  fracture  is  white  in  some  districts  and  red  in  others.  In 
some  regions,  the  white  or  pale  orthoclase  weathers  red.  This  is  the 
case  along  the  shores  of  Crooked  lake,  where  the  wide-extended,  bare 
lurfaces  acquire  a  blood-red  hue.  In  other  regions,  as  along  the  west 
side  of  West  Seagull  lake,  the  white  orthoclase  weathers  white,  and 
the  granitic  hills  gleam  with  a  brilliance  almost  dazzling  At  some 
places  on  White  Iron  lake  the  orthoclase  occurs  in  individuals  an  inch 
in  diameter.  In  other  regions,  the  orthoclase  is  badly  individualized, 
and  forms  an  imperfect  groundmass  for  the  other  minerals.  Beside 
orthoclase,  triclinic  feldspars  are  generally  present  in  subordinate  pro- 
portions. Occasionally,  by  the  adventitious  absence  of  the  dark  min- 
erals, the  rock  becomes  a  true  granulyte,  but  generally  with  an  excess 
of  orthoclase.  Oh  the  contrary,  the  granulyte  is  eminently  quartzose 
at  the  bead  of  the  small  bay  near  the  west  end  of  lake  Saganaga. 

The  physical  structure  and  mineral  constitution  of  the  granitoid 
masses  are  subject  to  marked  and  sometimes  abrupt  variations.  In 
the  middle  of  lake  Saganaga,  I  found  an  island  composed  of  good 
mica-gneiss.    On  all  sides  the  formation  is  syenite.     In  the  westerly 
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one  of  the  two  long  arms  of  Saganaga  lake,  the  syenite  on  one  of  the 
islands  becomes  abruptly  quartzose  to  excess,  and  simultaneously  the 
orthoclase  becomes  a  feldspathic  matrix,  and  then  nearly  disappears, 
and  an  ari;illaceous,  sericitic,  schistic  rock  takes  the  place  of  the 
syenite.  Uut  this  is  immediately  succeeded,  on  the  nearest  island,  by 
the  ordinary  syenite  of  the  region. 

A  highly  striking  and  significant  feature  of  the  Saganaga  and  White 
Iron  syenites  is  the  presence  of  rounded  pebbles  sparingly  dissemin* 
uted,  but  ut  certain  points  aggregated  in  such  numbers  as  to  form  a 
real  conglomerate  in  the  midst  of  the  syenite.  Many  particulars  of 
these  occurrences  have  been  recorded  in  my  notes  on  Seagull,  West 
Seagull  and  Saganaga  lakes,  to  which  reference  may  be  made. 

These  observations  are  quite  analogous  to  others  made  in  New  Ens:- 
glund  and  reported  in  a  comprehensive  way  in  the  Geology  of  Ver' 
mont/  In  most  of  the  instances  cited  by  Dr.  E.  Hitchcock,  the 
pebbles  are  embraced  in  '*  talcose  schists;"  but  he  mentions  cases  in 
Massachusetts  and  Vermont,  of  which  he  says:  "We  define  this 
rock  as  a  conglomerate  with  a  cement  of  syenite  or  granite,  or  as  a 
syenite  or  granite  with  pebbles  in  it,  sometimes  thickly  and  some- 
times sparsely  disseminated.*'  The  rounded  pebbles  on  Ascuteny  are 
**  black  rounded  masses  which  are  for  the  most  part,  crystalline  horn- 
blende with  some  feldspar."  *'At  Granby,  the  pebbles,  manifestly- 
rounded,  are  either  mica  schist  or  white,  almost  hyaline  quartz  "  On 
the  oiher  hand,  fhe  pebbles  occurring  in  the  Saganaga  syenite  are 
mostly  greenish,  lamellar,  augitic  and  chloritic;  but  some  of  them  arft 
composed  of  augite  and  a  feldspar  having  the  microscopic  appeamnce 
of  orthoclase.  Qiinrtz  is  conspicuous!}*  absent.  To  the  interpretation 
of  these  facts  I  will  briefly  return  in  another  connection. 

The  gneiss  and  granites  are  extensively  traversed  by  quartzose  and 
granulitic  veins.  These  have  been  fully  illustrated  in  the  annual  re* 
port.  Dikes  of  diabase  are  abundant.  Occasionally,  as  in  Burntside 
lake,  they  appear  to  be  rather  dioritic. 

2.  Vermiliofi  crystalline  schists.  The  vertically  schistose  gneissea 
are  flanked  by  vertical  crystalline  schists  having  a  variable  width. 
These  have  been  designated  by  the  geological  survey  of  Minnesota, 
**The  Vermilion  group."  Along  the  south  side  of  the  Basswood 
granite,  they  occupy  an  average  width  of  half  a  mile  —  but  varying^ 
from  a  quarter  of  a  mile  to  two  miles.  The  belt  has  been  traced  quite 
distinctly  from  Vermilion  lake  to  near  Carp  lake  —  taking  in  the  south 
shore  of  Burntside,  passing  north  of  Long,  including  the  north   pari 

*  Vol 0 me  I,  ])p.  28-4 A;  e."peclully  pp.  40  aud  41. 
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f  Newton,  occupying  the  west  side  of  Arm  II  of  Basswood  lake,  the 
outhern  swell  of  Arm  III,  and  the  southern  extremity  of  Arm  I.  The 
continuance  of  this  belt  of  crystalline  schisttj  has  not  been  observed 
farther  east.  It  is  supposed  to  strike  northeasterly  into  Canada,  lying 
somewhat  to  the  north  of  Sucker  and  Pseudo-messer  lakes. 

Another  belt  of  the  crystalline  schists  extends  along  the  north  flank 
of  the  White  Iron  granite.  It  touches  the  northern  extremity  of 
^hite  Iron  lake,  and  is  well  exposed  at  the  rapids  out  of  the  lake. 
Its  westward  continuation  I  have  not  traced.  Eastward  I  have  not 
Inen  able  to  trace  it  continuously  farther  than  the  western  border  of 
Bange  X;  but  it  ought  to  be  found  on  Triangle  lake,  and  thence  to 
Snowbank,  near  the  western  extremity;  where  evidences  of  its  prox- 
imity have  been  observed.  Eastward  of  Snowbank  lake,  its  non-ap- 
pearance may  be  attributed  to  the  bed  of  gabbro  which  conceals  the 
eastward  prolongation  of  the  White  Iron  granite.  Farther  east,  we 
find  the  southern  slope  of  the  Saganaga  granite  encroached  upon  by 
the  Animike  slates;  but  north  of  Gunflint  and  North  lakes,  the  fringe 
>f  crystalline  schists  appears,  resting  against  the  vertical  beds  of  gneiss. 
This  region  is  within  the  Canadian  Dominion,  and  no  attempt  has 
been  made  to  trace  it  farther. 

The  crystalline  schists  along  the  southern  border  of  the  Basswocd 
Sranite,  consist  chiefly  of  muscovite  and  biotite  schist;  but  with  oc- 
cisional  hornblende  schist  and  rarely  a  dioryte  schist.  Generall}^ 
Uiese  schists  ^re  not  well  characterized,  being  tine-grained,  and  in 
many  places  transitional  in  constitution.  On  the  south  side  of  Burnt- 
Bide  occurs  a  good  scythe-stone — a  fine,  homogenous  muscovite-schist 
•^bnt  a  mile  or  two  further  east,  a  massive  hornblende  schist  usurps 
its  place.  In  the  belt  as  observed  north  of  Gunflint  and  North  lakes, 
iMotite  and  hornblende  both  occur,  sometimes  in  mixture  and  some- 
;;limes  in  alternation. 

The  mode  of  transition  between  the  gneisses  and  crystalline  schists 

noteworthy.     It  is  never  abrupt.     It  is  a  structural  gradation.     In 

neighborhood  of  the  line  of  junction,  beds  of  gneiss  and  beds  of 

it  occur  in  many  alternations.     On  the  gneissic  side  of  the  line, 

[^ichistic  beds  are  at  first  several  inches  in   thickness,  and  of  fre- 

;SKnt  oecarrence,  or  else  thin,   and  correspondingly  augmented   in 

iteiber.    As  we  recede  from  the  line,  the  schistic  bods  grow  thinner 

[fidoocar  less  frequently.     On  the  schistic  side  of  the  separating  line, 

some  gneissic  bands  of  various  thickness,  all  conformable  with 

hista;  and  often  large  angular  fragments  of  gneiss,  little  or  not 

1,^ all  displaced  from  bedded  conformity  with  the  schist.     These  phe- 
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nouicna  were  so  fully  described  and  illustrafced  in  ihe  fifteenth  report 
that  I  have  given  them  a  less  conspicuous  place  in  the  present  one. 
One  striking  instance  however,  is  described,  occurring  north  of  Gun* 
flint  lake,  in  which  I  estimated  about  five  hundred  thin  bands  of  horn- 
blende schist  intersecting  the  gneiss  within  a  breadth  of  forty-five  feet. 
I  have  also  described  in  this  region,  a  direct  mineralogical  transition 
from  earthy  and  sub-crystalline  schists  to  gneiss,  without  the  inter- 
vention of  proper  crystalline  schists.  The  earthy  schist  becomes  at 
first  porphyritic  with  feldspar,  and  thou  with  feldspar  and  quartz. 
While  the  proportion  of  these  minerals  increases,  the  groundmass  re- 
solves itself  into  nascent  mica  and  then  into  well-formed  individuals 
of  biotite  or  hornblende,  or  both  together.  The  significance  of  these 
structural  and  mineralogical  transitions  will  be  referred  to  in  another 
connection. 

3.  Keivatin  semi-crystalline  schists, — In  his  "Report  on  the  Geology  of 
the  Lake  of  the  Woods  Region"  for  1885,*  Mr.  Andrew  C.  Lawson  has 
applied  the  term  "Kewatin'*  to  certain  schists  occurring  in  the  vicin- 
inity  of  that  lake  and  holding  position  immediately  above  the  gran- 
itoid gneisses.  The  geological  survey  of  Minnesota  has  for  two  years 
employed  this  term,  slightly  modified,  to  designate  provisionally'  a 
series  of  earthy  and  semi-crystalline  schists  holding  a  position  next 
above  the  crystalline  schists.  In  our  usage  therefore,  the  term  is  less 
extensive  in  application  than  in  the  original  proposal  of  Mr.  Lawson. 
Without  citing  at  present,  the  classes  of  strata  embraced  under  this 
designation  in  Canada,  I  will  proceed  at  once  to  a  summary  descrip- 
tion of  the  strata  to  which  we  have  applied  it  in  Minnesota 

(1).  Distribution.  These  rocks  occupy  the  whole  of  the  south  and 
cast  shores  of  Vermilion  lake  as  far  as  Mud  Creek  bay  and  somewhat 
beyond.  Thence  the  southern  boundary  of  the  belt  passes  half  a  mile 
south  of  Burntside  and  half  a  mile  north  of  Long  lake,  and  thence 
through  Newton  lake  nearly  to  the  most  southern  bay  of  Basswood 
and  Arm  I  of  the  same  lake.  It  continues  eastward  so  as  to  pass  be- 
tween Basswood  and  Carp  lakes,  and  thence  northeastward  into  Can- 
ada— the  northern  limit  of  the  belt  lying  north  of  Sucker,  Pseudo- 
messer  and  Knife  lakes,  and  far  north  of  Ottertrack,  Oak  and  Saganaga 
lakes.  All  these  lakes  lie  wholly  within  the  Kewatin  belt,  except  Sag- 
anaga, which  only  encroaches  upon  it  along  the  northwestern  border. 

The  southern  limit  of  the  Kewatin  belt  has  been  traced  from  a  point 
south  of  Eaglenest  lakes,  T.  62-15,  to  the  northern  extremity  of  White 
Iron  lake,  thence  across  the  north  part  of  Farm  lake,  to  Triangle  and 

*  Ueolotflciil  nud  Natanl  Uifrtory  Survey  of  Canada,  1885,  CO. 


STATE  OBOLOOIST.  337 

Snowbank  lakes.  Following  the  west  shore  of  Snowbank  it  leaves 
the  north  shore  within  the  granitic  area,  but  bends  southward  to  cut 
oflT  the  eastern  extremity  of  the  lake,  and  proceeds  thence  to  the 
vicinity  of  Kekequabic,  where  for  the  distance  of  two  miles,  it  is  over- 
lap|3ed  by  the  gabbro  sheet.  £ast  of  the  middle  point  of  this  lake, 
the  system  is  revealed  again,  if  we  may  venture  to  regard  the  Ogishke 
conglomerate  as  a  part  of  it.  But  the  southern  border  is  overlapped 
by  g^reenstone.  As  far  east  as  the  north  shore  of  Gabimichigama,  the 
system  is  largely  exposed,  with  its  character  well  preserved.  East- 
war  li  of  this,  for  twelve  miles,  the  writer  has  not  observed  the  Kewa- 
tin  x-ocks.  But  north  of  Gunflint  thev  recur  in  unmistakable  char- 
*ftor  and  continue  eastward  near  the  north  shore  o  North  lake  into 
*he   remoter  regions  of  Canada. 

It  will  be  observed,  from  the  foregoing  description,  that  no  con- 

^^ction   has    been    actually   traced    between    the    Kewatin    schists 

^orth   of    Gunflint    lake    and    those    as   far    west    as    Knife    lake. 

A  long  the  national  boundary,  the  Knife  lake  schists  have  been  traced 

*^^    the  crystalline  area  of  Saganaga  lake,  and  thence  along  the  north- 

^'^^st  and  north  sides  of  that  lake.     The  southern  limit  of  the  Knife 

*^*Ce  schists  and  the  Ogishke  conglomerate,  on  about  the  meridian  of 

**^^  west  end  of  Saganaga,  is  lost  to  view.     Does  it  turn  northward 

^*^    «sto  throw  the  whole  breadth  of  this  Kewatin  belt  to  the  north  of  the 

p^^anaga  granite;  or  is  the  Kewatin  belt  here  split — one  branch  pass- 

^^^to  the  north  and  the  other  to  the  south  of  the  Saganaga  granite? 

^     the  former  case,  the  Saganaga  granite  would   be  continuous  with 

''^^  White  Iron  granite.     In  this  case,  the  Gunflint  Kewatin  would  be 

•  ^  istinct  belt,  and  its  westward  continuation  would  have  to  be  sought 

"  ^^ng  the  southern  border  of  the  White  Iron  granite.     But  even  if  in 

P^^^ition  there,  it  might   be   concealed    by  overflows  of  gabbro  and 

^^enstone,  or  by  the  vast  Animike  system.     The  strike  of  the  Ani- 

^^te  beds  north  of  Gunflint  is  so  much  north  of  east  as  to  suggest  the 

*^t*i  nion  that  the  belt  is  separated  from  the  main  or  northern  belt  by 

^*^^  interposition  of  the  White  Iron-Saganaga  granitoid  range.     At 

^*^^  same  time,  its  lithological  characters  verj'  closely  resemble  those 

^^   the  Knife  lake  Kewatin;  and  since  rocks  which  I  strongly  incline 

*^  Relieve  Kewatin,  are  traced'eastward  from  Ogishke -muncie,  through 

■'^^wn-line  and  Frog-rock  lakes   well  toward  the  southern  side  of  the 

^^Sanaga  granitoid  area,  it  rather  appears  probable   that   the  Gun- 

^^^t  Kewatin  is  really  a  southern  bifurcation  of  the  Knife  lake  Ke- 

^^tin. 

No  exposure  of  the  Kewatin  series  has  been  observed  by  myself  far- 
13 
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ther  east  than  North  lake,  in  the  meridian  of  Rang;e  IT  west.  Bat  I 
have  information  apparently  reliable,  of  its  occurrence  in  a  limited 
exposure  as  far  cast  as  South  Fowl  lake,  in  sec.  1,  T.  64,  B  3E.  In 
the  opposite  direction  it  is  found,  accordintj:  to  a  private  letter  from 
Mr.  H.  V.  Winchell,  in  sec.  11,  T.  o9,  R.  14W.  It  strikes  here  N. 
80°  E.  The  position  seems  to  be  on  the  south  of  the  White  Iron 
granite  range. 

(2).  General  lithological  characters  of  the  Eewatin  schists.  Ver- 
tical bedding  is  almost  everywhere,  within  the  region  examined,  dis- 
tinct and  unambiguous.  In  certain  places,  however,  the  bedding  is 
obscure,  or  even  completely  obliterated.  Such  obscuration  may  often 
be  traced  in  the  action  of  erupted  masses;  but  more  often  the  hard- 
ened and  metamorphosed  condition  of  the  strata  is  not  ascribable  to 
any  visible  cause.  Passages  from  the  more  earthy  to  the  more  hard- 
ened condition  take  place  along  the  direction  of  the  strike,  as  also  in 
a  direction  at  right  angles  with  it.  The  strike  of  these  vertical  schists 
is  in  general  east-northeast  in  the  region  west  of  Saganaga  lake,  and 
.somewhat  more  easterly  in  the  region  east  of  it.  The  directness  of 
the  strike  is  as  remarkable  as  its  persistence.  The  flexures  of  the  strata 
are  but  moderate.  It  is  only  on  the  south  of  Ogishke-muncie,  and 
about  Fox  and  Agamok  lakes  that  evidences  of  considerable  disturb- 
ance are  manifest  Some  of  these  features  were  described  and  figured 
in  the  report  for  1886,  pp.  168,  169,  375-378.  On  the  north  of  Saga- 
ga  lake  the  strike  still  holds  steadily  east-northeast,  and  on  the  north 
of  Gunflint  lake  it  is  not  very  difi^erent. 

The  bt/ds  for  the  greater  part  are  even  and  continuous,  and  the 
cleavage  is  coincident  with  the  bedding.  The  planes  of  sedimenta- 
tion may  frequently  be  detected  by  means  of  the  usual  banding.  The 
universal  coincidence  of  these,  when  discoverable,  with  the  planes  of 
the  cleavage  83'stem,  affords  good  evidence  that  the  cleavage  planes 
everywhere  point  out  the  direction  of  the  original  sedimentation. 

Often,  however,  the  bedding  becomes  irregular,  the  rock  being  re- 
solved into  a  mass  of  lenticular  and  cuneiform  pieces  a  few  inches  in 
length.  This  condition  may  pass  by  rapid  transition  into  that  of 
regular  bedding. 

In  lithological  composition  the  Kewatin  schists  present  notable  di« 
versification.  The  principal  rock  species  are:  (1)  Graywacke,  (2) 
Argillyte,  (3)  Sericitic  schist,  (4)  Chlorite  schist,  (5)  Porphyrellyte 
schist,  and  (6)  Haematite.  The  graywacke  generally  occupies  a  po* 
sition  nearest  to  the  crystalline  schists.  Often,  however,  the  seri- 
citic and  argillitic  rocks  graduate  into  a  graywackenitic  formation^ 
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he  best  characterized  graywackes  are  obscurely  bedded,  dark  gray 
JDd  composed  of  fine  grains  of  quartz  and  feldspar  mostly  but  not  ex- 
lusively  monoclinic,  all  imbedded  in  a  sparse  or  copious  groundmass 
'£2l  silico-argillaceous  character     Disseminated  through  the  rock  ure 
3Derally  some  black  specks  of  an  anthracitic  character.     Peroxide  of 
on  also,  is  often  present.     From   the  condition  thus  described  the 
ariations  are  very  marked.    Often  through  an  Excess  of  quartz  and  a 
igh  silicification  of  the  groundmass,  the  rock  becomes  impure-flinty, 
d  under  the  influence  exerted  by  heat,  has  acquired  a  ringing  hard- 
,  accompanied  by  two  or  three  sets  of  jointage  planes,  which  di- 
v"  £  de  the  mass  into  cuneiform  portions.     It  thus  seems  to  answer  the 
description  of  horn/els.     This  condition   is   approximated   very   fre- 
qu  cntly.     But,  far  from  being  persistent,  we  often  see  it  pass  rapidly 
1X2  'fco  a  well-bedded  terrane.     In  another  direction,  the  felsitic  constit- 
uent exists  in  increased  quantity,  and  the  dark  aspect  of  the  other 
ii^  Sredients  gives  the  rock   a  diabasic  look,  especially   when,  as  is 
mostly  the  case,  all  bedded  structure  is  completely  disguised.     At 
times  it  is  almost  impossible  to  decide  macroscopically  whether  the 
rook  is  a  real  diabase,  an  anamesitic  doleryte,  or  only  an  altered  and 
*t*^rrant  graywacke.    (Rep.XV,  p  27.)     As  an  instance  of  this  may 
h©    vnentioned  the  rock  about  the  shores  of  Flask  lake,  in  T.  64-9  W. 
Anc}ther  is  near  the  northern  entrance  to  Garden  lake  (XV  Rep.,  pp. 
12S^6,  63.)    It  is  seen  equally  well  developed  on  the  north  shore  of 
Frog  Rock  lake  and  the  southern  part  of  Crab  lake. 

^A^nother  member  of  the  Eewatin  series  is  argillyte.    In  position  it 

g^*ierally  lies  next  the  principal  mass  of  graywacke.     Argillytes  well 

characterized  exist  in  great  abundance.     Such  may  be  seen  from  Ver- 

Diilion  lake  to  Enife  lake.     Newfound  lake  and  Moose  lake  in  T.  64-9 

^^-,  lie  in  the  midst  of  an  area  of  such  argillytes.     The  slate  is  bluish 

^'  buffish,  highly  argillaceous,  and  cleaves  smoothly  and  with  great 

'^cility.     Such  slate  exists  less  exclusively  in  thi?  basins  of  Long,  Fall, 

^^sign  and  Enife  lakes.     Other  argillytes  equally  slaty  and  smooth- 

cleaving,  but  of  a  dark  almost  black  color,  are  widely  distributed  and 

^buujgut^     Of  rare  occurrence  in  the  vicinity  of  Vermilion  lake,  they 

**^  quite  increased  in  volume  along  some  parts  of  Fall  lake,  and   be-^ 

^Uxe  predominant  around  the  shores  of  the  western  part  of  Enife 

^■^e-     Dark  argillytes  are  also  associated  with   the  conglomerate  of 

^dhke-mnncie,  but  these  require  separate  mention.     Many  of  the 

^Sillytes  of  Knife  lake  acquire  a  considerable  percentage  of  silica,  and 

^^omc  siliceons  argillytes,  retaining  generally  their  free  cleavability 

^*^d  characteristic  color,  which  is  mostly  dark.     The  silicification  of 
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the  argillytcs  lias  frequently  s^one  so  far  that  the  rock  is  a  strict  sUi' 
ceous  schist^  rotaining  generally,  a  dusky  color,  but  sometimes  acquir- 
ing a  marked  trauslucency.  Generally,  strata  or  lamiusB  of  siliceous 
schist,  flint,  or  red  jasper  alternate  with  laminae  or  beds  of  dark  sili- 
ceous or  characteristic,  ar<iillyte.  With  these,  sometimes,  are  lam- 
inae of  ho^matitic  siliceous  schist.  In  a  large  detached  mass  of  this 
kind,  found  at  the  \wstern  extremity  of  Knife  lake,  the  various 
laminae  were  strikingly  contorted.  This  mdss  was  supposed  to  be  not 
far  renujvcd  from  place;  l)ut  no  such  character  has  been  seen  by  the 
writer  aetuallv  in  strata  of  the  Kewatiu  series  so  far  west  as  Knife 
lak*'.  But  jsispery  haematite  has  been  observed  between  Nameless 
and  Sand  lakes,  in  T.  62-14.  On  the  contrary,  similar  characters 
have  been  observed  in  the  Animike  schists  north  of  the  west  end  of 
Gunrtint  lake,  and  less  contorted  at  other  points  along  the  north 
shore. 

Besides  the  transitions  above  mentioned,  the  argillytes  of  Enife  lake 
exhibit  many  transitions  to  serkitic  schist.  This  may  be  observed 
taking  place  in  the  direction  of  the  strike  and  also  across  it.  Trans- 
itions to  gray  wacke  have  been  mentioned.  The  impression  made  upon 
the  observer  b}'  these  passages  is  a  conviction  that  all  these  species  of 
rock  have  been  originally  the  same;  and  out  of  the  same  material, 
varying  conditions,  primary  and  secondary,  have  produced  the  diversi- 
fied states  of  rock  above  described. 

Another  species  of  rock  belonging  to  the  Kewatin  series  is  sericitic 
schist.  This  is  generally  of  a  light  brown  color  and  a  silky  or  soapy 
feel.  It  is  always  distinctly  and  thinly  laminated.  By  access  of  argil- 
laceous matter,  it  often  passes  into  a  brown  argillyte.  When  in  a 
state  of  characteristic  j)urity,  it  sometimes  eflloresces  under  exposure 
to  the  weather,  giving  rise  to  a  powder,  white  like  flour  or  tinged  with 
iron  peroxide.  This  schist  is  most  abundant  in  the  western  part  of 
the  region  studied,  wliere  it  is  as^^ociated  with  beds  of  haematite 
Eastward,  it  becomes  a  brown,  smooth  sericitic  argillyte,  but  has  only 
a  local  distribntion.  It  occurs  on  the  north  side  of  Ensign  lake,  at 
one  or  two  points  in  the  northwest  part  of  Frog  Rock  lake,  and  at 
several  points  on  Town  Line  lake.  Outcrops  are  also  seen  on  the 
south  side  of  Ogishke  muncie  lake.  A  frequent  characteristic  of  the 
sericitic  argillyte  is  the  occurrence  of  disseminated  grains  of  free 
quartz.  This  character  is  quite  striking  at  one  point  on  the  north  of 
Ensign  lake,  on  the  south  shore  of  the  north  part  of  Ogishke-muncie 
lake,  and  at  two  points  on  Frog  Kock  lake  and  several  on  Town  Line 
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A  fourth  species  of  schist  is  chloritic.  In  full  development  it  pos- 
sesses a  dark  earthy  green  or  bluish  color,  moderate  hardness,  and 
S^enerally  an  imperfect  and  irregular  beddiug.  The  general  trend  of 
the  structure  is  always  conformable  with  that  of  the' adjacent  schists. 
An  instance  of  the  highest  development  of  this  schist  may  be  seen  at 
Eawasachong  falls,  in  the  stream  flowing  from  Garden  into  Fall  lake. 
As  the  nature  of  this  rock  is  not  yet  settled  by  common  consent,  it  is 
frequently  referred  to  in  thisreport  as  the  "Kawasachong  rock."  A  full 
account  of  its  occurrence  at  this  place  may  be  found  in  the  Fifteenth 
Report,  pp.  319-322.  The  fully  developed  condition  of  the  rock  may 
also  be  seen  at  many  other  poiits — notably  on  the  north  side  of  Frog 
Rock  lake,  where  I  made  a  detailed  study  of  it  (page  306),  and  at  the 
Jiorthern  extremity  of  Pseudo-messer  lake,  in  Canadian  territory.  It 
is  reported  largely  distributed  on  the  south  of  Long  lake  about  the  new 
jron  mines. 

Chlorite  schist  presents  countless  cases  of  gradation  into  sericitic 
schists  and  argillyte;  insomuch  that  in  my  detailed  descriptions  fre- 
quent mention  is  made  of  ^'chloritic-scricitic  schists**  and  ^'chloritic 
argillyte."  The  chloritic  constituent  also  very  frequently  invades  the 
raywackes.  The  question  of  the  eruptive  oris^in  of  any  part  of  the 
chlorite  schist  will  be  considered  hereafter. 

A  fifth  species  of  schist  occurring  in  the  Kewatin  series  is  potyhy- 
ellyte — a  name  of  purely  provisional  import,  and  used  here,  while  the 
ock  awaits  due  investigation,  simply  to  avoid  the  misapplication  of 
ny  well-known  term.     This  species  of  schist  has  been  found  existing 
n  immense  volume  and  over  a  wide  extent  of  torritory,  especially  be- 
^een  Sucker  and  Gunflint  lakes.     In  tracing  out  the  schists  recog- 
ized  as  sericitic  and  argillitic,  it  was  noticed  that  they  sometimes 
Acquire  gradually  a  constituent  which  imparls  a  somewhat  waxy  lustre 
^Tid  waxy  transparancy  on  thin  edges.     In  the  earlier  observations 
^bout  Vermilion   lake,  the  siliceous  constituent  was  sufficient  to  give 
Considerable  hardness  to  the  rock,  and  such  schists  were  set  down  as 
**fel8itic."     My  earlier  notes  in  1886  contain  occasional  mention  of 
**  felsitic-sericitic  schist  **     **  felsitic  argillyte  '*  and  even  of  "  felsyte 
Schist" — all  the  determinations,  it  will  be  remembered,  simply  mac- 
roscopic, and  made  in  the  field.     In  proceeding  eastward  similar  rocks 
^ere  occasionally  noted;  but  in  entering  Sucker  lake  from  the  west, 
it  was  first  noticed  that  the  so-called  "felsyte  schist*'  was  deficient  in 
hardness,  and  I  felt  inclined  to  regard  it  as  an  ' 'argillaceous  felsyte 
schist."    Uncertain  of  its  real  nature,  I  continued  to  note  its  occur- 
rence in  increasing  abundance,  as  far  as  lake  Kekequabic.     Here,  on 
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Stacy  island,  I  found  distinct  and  numerous  feldspar  crystals  imbed- 
ded in  it.  Having  a  groundmass  apparently  feldspathic  to  a  partial 
extent,  this  formation  might  have  been  set  down  as  porphyry.  Bat  it 
was  obviously  of  sedimentary  origin,  and  was  interbedded  with  slates. 
Also  in  the  immediate  \icinity,  the  forms  of  pebbles  were  traceable 
in  the  rock.  Exactly  similar  observations  were  subsequently  made  on 
bdth  sides  of  the  narrows  between  Zeta  and  Dike  lakes^  T.  65-6 W. 
(Fifteenth  Rep.,  p.  158),  but  most  satisfactorily  on  the  north  side.  As 
the  rock  clearly  was  not  an  erupted  and  true  porphyry,  I  designated  it 
jjorphyreL  This  pseudo-porphyry  was  subsequently  met  many  times. 
Finally,  alonij:  the  two  terminal  bifurcations  of  the  Fourth  Arm  of 
Knife  lake,  I  was  specially  impressed  by  two  groups  of  observations. 
First ^  the  groundmass  of  the  porphyrel  was  entirely  too  soft  to  admit 
the  hypothesis  of  a  felsitic  nature;  and  secondly,  the  feldspar  crystals 
appeared  and  disappeared  at  frequent  intervals,  while  at  some  inter- 
mediate points  they  were  very  few  in  number,  and  sometimes  appeared 
to  be  just  emerging  into  existence  from  the  general  groundmass.  (See 
rocks  54:9  and  054-5.)  In  all  these  cases  the  formation  preserved  a 
rude  and  irregular  ^tratification.  On  the  north  bifurcation  of  the 
Fourth  Arm  of  Knife  lake,  }>orphyrellyte  is  the  prevailing  rock;  and  it 
rises  in  many  massive  bluffs  on  both  sides.  In  a  small  bay  near  the 
eastern  extremity,  it  becomes  a  porphyrel,  and  here,  as  at  Kekcqua- 
bic  (west  end  of  Stacy  island  and  rock  360)  and  Zeta  lakes,  the  out- 
lines of  pebbles  may  be  traced.  At  the  "'  Promontory  of  Knife  lake," 
which  separates  the  Fourth  Arm  from  the  body  of  the  lake,  an  argil- 
laceous porphyrellyte  is  capped  by  a  thick  sheet  of  gabbro  (p.  209).  A 
more  characteristic  porphyrellyte  is  capped  by  gabbro  on  the  eastern 
shore  of  the  southward  projecting  bay  near  the  eastern  end  of  Knife 
lake  (p.  2<)6).  On  the  north  side  of  Gunfliutlake,  the  vertical  schists 
raij^e  from  porphyrellyte  to  argillaceous  porphyrellyte  and  porphyrel. 
The  latter  acquires  also,  in  some  parts  of  this  region,  abundant  grains 
of  quartz. 

In  most  of  the  localities  where  porphyrell^'te  occurs  it  is  found  alter- 
nating with  argillyte  —  sometimes  of  a  slate  color  and  sometimes  dark 
or  almost  black.  The  local  relations  of  these  different  varieties  of 
schist  are  well  illustrated  on  the  south  side  of  the  north  bifurcation^ 
of  the  Fourth  Arm  of  Knife  lake.  The  passage  is  both  along  the  strilc^ 
and  across  it  —  in  either  case  reflecting  light  on  the  genetic  relation  « 
of  the  two.  In  the  same  region,  but  chiefly  on  the  north  shore,  th  * 
porphyrellyte  may  be  seen  passing  into  a  hardened  flinty  argillyte,  a- 
also  into  a  condition  having  a  diabasic  aspect  —  hard,  and  almos 
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without  bedding.  A  puzzling  condition  occurs  on  the  north  side  of 
Frog  Rock  lake,  where  toward  the  east,  felsitic-looking  bosses  alter- 
nate with  diabase-looking  bosses,  chloritic  bosses  and  real  diabase. 
Never,  however,  as  far  as  I  have  traced  the  Kewatin  schists,  does  the 
translucent,  waxy  constituent  permanently  disappear.  This  seems  to 
be  the  fundamental  material  out  of  which  nature  has  produced  not 
only  porphyrellyte  and  porphyrel,  but  also  some  sericitoid  and  argil- 
laceous schists,  and  even  some  hard  diabase- looking  rock-masses. 
These  indications  led  me  to  designate  as  ''  Kewatin  stuff"  the  funda- 
mental mineral  which  has  revealed  itself  under  so  many  aspects. 

The  diversification  of  porphyrellyte  may  be  traced  in  another  direc- 
tion.    Already  when  making  observations  in  the  vicinity  of  Vermilion 
and  Eagle  Nest  lakes,  I  discovered  small  serpeiktinous  lumps  (XY 
Rep.  p.  32)  and  thin  films  in  that  modification  of  Kewatin  rocks  re- 
ported as  **porodyte" — after  Wadsworth.     I  recorded  the  opinion 
that  the  rocks  of  that  vicinity  were  pervaded  generally  **  by  a  mag- 
nesian  element.''     Next,  I  subsequently  observed  in  the  southern  bi- 
furcation of  the  Fourth  Arm  of  Knife  lake,  that  porphyrellyte  passes 
by  insensible  gradations  into  porodyte;  and  I  learned  that  Knife  lake 
porodyte  is  only  another  of  the  modifications  of  "Kewatin  stuflF." 
Again,  the  obscurely  conglomeritic  character  of  some  examples  of 
;porphyrel  has  been  noted  in  several  places.     Now  let  the  feldspar 
crystals  disappear  from  conglomeritic  porphyrel,  and  it  approaches 
^osely  to  some  states  of  the  so-called  **Stuntz  conglomerate" — of 
^^vhich  I  shall  have  a  word  further  to  say.     It  thus  appears  that  the 
^asal  substance  of  porphyrellyte  reveals  its  existence  under  a  very  in- 
teresting variety  of  modifications. 

The  nature  of  that  basal  substance  remains  to  be  determined.     But 
^leantime,  while  awaiting  opportunity  to  make  appropriate  investiga- 
tion, I  have  considered  the  possibility  that  Kewatin  stuff  is  essentially 
,^Xirophite,  a  form  of  pinite,  a  hydrous,  aluminous  alkaline  silicate. 
Such  composition  would  account  for  porphyritization  with  either  feld- 
spar or  quartz,  or  both  conjointly;  and  as  magnesia  is  a  constant  alka- 
line constituent  (together  with  potash)  we  have  means  of  explaining 
the  occurrence  of  serpentinous  lumps  in  the  porodyte  of  Vermilion 
lake — if  indeed,  they  be  not  parophite  or  agalmatolite  instead*  The 
formation  here  considered  seems  to  bear  no  relation  to  the  **  Serpen- 
tine Group  **  of  Rominger.f 

•  Harophite  is  a  name  propoeeU  by  Dr.  T.  8.  Hunt,  from  the  reftemblnnce  of  the  rock  to  ophiie  or 
Mrpentlne.    t^ee  Heport,  CnnadUm  Geologicnl  Survey,  1851.8,  pp.  95-!f9;  G*'ulogy  of  Ctmadn^  18S3,  pp. 

t  Romlnger,  Otolooical  Survey  of  MUhtgan,  vol.  iv,  pp.  18:-113. 
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Should  it  be  supposed  that  the  porphyrel  above  referred  to  is  probably 
a  true  erupted  porphyry  the  following  may  serve  as  adequate  reasoni 
for  thinking  otherwise : 

(a)  The  vertical  structure  which  exists  seems  to  include  the  vestiges 
of  an  original  sedimentary  stratification.  This  structure  in  the  resull 
of  stratification  and  schistosity  combined.  Sometimes  the  slatine^sis 
conspicuous  (Rock  055). 

(b)  The  porphyrel,  in  numerous  cases,  reveals  the  original  presence 
of  pebbles,  the  outlines  of  which  are  now  obscured,  and  the  nature  o) 
which  has  probably  been  changed. 

(c)  The  porphyrel  passes  insensibly  into  porphyrellyte  which  (be- 
sides retaining  its  traces  of  stratification)  exists  in  such  volume  that 
it  would  strain  C];cdulity  to  believe  it  eruptive. 

(d)  The  groundniass  of  the  Ogishkc  conglomerate  —  beyond  all 
question  frugmental  in  origin  —  sometimes,  as  has  been  stated  in  the 
former  part  of  this  report,  develops  feldspar  crystals,  and  becomes  in 
form  and  substance,  an  argillaceous  porphyrel. 

(e)  Porphyrel  and  pori)hyrellyte  are  found  intcrstratified  with  dark 
siliceous  argillytes.     See  page  324. 

(3)  The  Ogi.shke  doloniyte.  Having  stated  concisely  the  characters 
of  thf'  predominating  rucks  of  the  Kewatiu  series,  I  make  brief  men- 
tion next,  of  lithological  features  more  or  less  local  and  exceptional. 
Dolomyte  has  been  observed  at  only  one  locality.  That  is  near  the 
shore  of  the  northeastern  part  of  Ogishke-muncie  lake.  It  is  vertically 
bedded,  mostly  impure,  stained  with  iron  oxide,  crumbling,  pervaded 
by  sericitic  matter  and  passing  laterally  into  conformable  bedsof  seri. 
citic  schist.  The  strike  is  parallel  with  the  axis  of  this  part  of  the 
lake.  It  was  traced  only  a  few  rods.  For  further  particulars,  see 
pp.  95,  316. 

(4)  The  haematite  lodes  of  the  Kewatin.  These  have  not  fallen 
within  the  scope  of  observations  made  in  1887.  Such  facts  as  were 
observed  in  18^6  may  be  found  recorded  in  the  fifteenth  annual  re- 
port. 

(5)  The  conglomerates  of  the  Kewatin.  The  Ogishle  comjlomerate 
is  limited  to  the  vicinity  of  Ogishke-muncie  lake.  On  the  west  it  is 
seen  first  at  Stacy  island  in  Kekequabic  lake;  but  occurjs  also  along 
the  north  shore  of  the  eastern  part  of  the  lake.  Its  northern  boundary 
passes  a  little  uorfch  of  Alpha,  Beta  and  Gamma  lakes,  sec.  29,  T.  65-6, 
and  thence  eastward  to  the  portage  between  Zeta  and  Dike  lakes, 
thence  to  the  portage  between  Zeta  and  Ogishke-muncie  lakes,  thence 
northeastward  so  as  to  cut  off  half  a  mile  of  the  eastern  end  of  Crab 
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lake;  thence  east  to  the  northern  side  of  Town  Line  lake;  thei 
soatheast  to  the  centre  of  sec.  18,  T.  65-5,  on  the  northwest  shore 
Frog  Rock  lake.     From  here  the  boundary  is  lost.   The  conglomera 
does  not  appear  on  the  west  or  south  shore  of  Frog  Rock  lake.     Fro. 
the  point  of  occurrence  last  mentioned  the  boundary  must  pass  soutl 
'^vest.     Section  24,  T.  65-6,  is  within  the  conglomerate  area.     Thi 
southern  border  is  found  near  the  outlet  of  Agamok  lake,  in  sec.  36, 
.  65-6,  and  again  near  the  centre  of  sec.  35,  T.  65-6,  on  the  moun- 
ain  slope,  a  mile  south  of  Ogishke-muncie.     But  from  here  the  boun- 
ary  bends  suddenly  northward  to  the  N.  E.  i,  sec.  26,  T.  65-6,  and 
Jience  southeast  to  S.  E.  i,  sec.  27,  T.  65-6.     Thence  ihe  southern 
^rder  bends  southeasterly,  passing  to  the  east  of  Twin  peaks  in  S.  E. 
,  sec.  34,  T.  C5-6.     The  continuation  westward  is  now  unknown  for 
t.'Xr^e  space  of  two  miles,  the  southern  boundary  being  struck  again  on 
t  TtrM.e  southeast  of  lake  Kekequabic   in  sections  31  and  32,  T.  65-6.  Thft 
fr.^r"^athus  circumscribed  has  an  extreme  length  of  eight  miles  and  an 
e:^HC  treme  breadth  of  two  miles  or  a  little  more. 

The  Ogishke  conglomerate  is  composed  of  beds  standing  vertical, 

^(^  2  th  slight  inclinations  one  way  and  the  other.     Theie  seems  to  be  a 

general  strike  in  an  east  and  west  direction,  and  in  places  this  strike 

i»     ciistinct  for  a  quarter  of  a  mile  or  more,  especially  near  the  borders- 

o^     the  conglomeritic  area.     Within  the  area,  the  strikes  are  mostly 

o»>^cure;  but  when  distinct,  they  conform  to  the  general  trend.     In 

na.^jjy  places  however,  the  strike  seems  to  vary  much  from  the  normal 

di^^ction.     This  is  seen  along  the  immediate  shore  of  the  lake,  and  on 

ta^  mountain  slope  south  of  it,  as  also  in  the  vicinity  of  Fox   and 

'^Kcraok  lakes.     In   the  last  named  region,  a  centre  of  disturbance 

seems  to  be  revealed  (Fifteenth  Report,  pp.  168-9),     It  must  be  noted 

however,  that  the  magnetic  needle,  around  the  shore  of  Ogishke-mun- 

01^,  deviates  with  much  irregularity. 

Considering  more  carefully  the  lithological  character  of  the  beds, 
^^    find  the  grouudiuass  in  which  the  pebbles  are  imbedded,  to  be  es- 
*®*^tially   a  dark  slaty    argil lyte,    varying   from  a   typical    argillyte 
tnrough  all  the  conditions  already  noted  in  the  argillytes  of  the  Ke- 
''^tin  scries — cleavable,  badly  cleavable,  siliceous,  feldspathic,  hard- 
*^*ked  and  *'diabasic."     The  pebbles  are  not  uniformly  distributed 
'^^rough  the  formation.  They  lie  in  courses  coincident  with  the  strike, 
**^4  their  longer  axes  generally  lie  in  the  same  direction      Some  of 
'*^e slaty  beds  are  well  filled  with  pebbles  large  and  small;  others  cou- 
sin but  few,  and  these  mostly  small.     Again,  we  find  man}'  beds  en- 
^ly  destitute  of  pebbles;  and  this  condition  exists  in  places  across- 
43 
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a  breadth  of  ten  or  twelve  rods,  to  be  succeeded  again  by  cODglomer- 
ate.  The  transition  is  apt  to  be  abrupt.  A  bed  well  filled  with  peb- 
bles is  likely  to  be  succeeded  by  beds  without  pebbles,  and  possessing 
all  the  characters  of  an  ordinary  argil lyte  (See  Fifteenth  Rep.  p.  163). 
These  variations  are  well  seen  around  the  shoies  at  the  west  end  of 
Ogishke^muncie. 

The  limits  of  tho  conglomerate  area  are  not  abrupt  They  are  in- 
dicated by  the  gradual  diminution  in  the  proportion  of  pebbles,  and  in 
their  size.  In  the  direction  of  the  longer  axis  of  the  area,  this  is  well 
seen  at  Stacy  island  in  lake  Kekequabic,  while  the  vanishing  point  in 
the  opposite  direction  is  seen  in  the  northwestern  part  of  Frog 
llock  lake.  In  this  direction  the  diminution  in  the  size  of  the  pebbles 
is  a  more  signal  feature  than  in  the  transverse  direction.  On  the  moun- 
tain south  of  Ogishke-muncie  the  country  rock  undergoes  a  change 
into  a  formation  resembling  greenstone;  and  in  this  large  bowlders  are 
sparsely  disseminated.  A  similar  observation  is  mnde  on  the  north 
of  Ogishke-muncie.  hi  the  greenstone  condition,  the  outlines  of  the 
pebbles  become  much  obscured,  while  at  the  east  and  west  extremit- 
ies of  the  conglomerate  area,  the  diminished  pebbles  remain  well 
isolated. 

Another  course  of  variation  is  observed  in  the  vicinity  of  Ogishke- 
muncie  lake.  The  same  transitions  in  the  state  of  metamorphism  of 
the  mass  of  the  formation  take  place  as  have  been  noted  in  reference 
to  the  giaywackes  and  argillytes  farther  west.  In  limited  districts 
the  smooth  rounded  bosses  of  the  conglomerate  present  a  striking  re- 
semblance to  diabasic  outbursts.  But  these  in  most  cases,  are  dis- 
tinctly siliceous;  in  others,  the  ;rroiindmHss  contains  numerous  indi- 
viduals of  feldspar.  Many  times  the  pebbles  are  nearly  or  quite  con- 
cealed by  the  change  which  has  nffocted  the  formation,  ^rometimea 
the  forms  of  pebbles  are  completely  undiscoverable  above  the  water- 
line,  while  suflSciently  distinct  beneath  it.  These  conditions  are  best 
exposed  on  the  western  and  southern  shores  of  Ogishke-muncie.  On 
the  eastern  shore,  north  of  the  northern  narrows,  and  at  a  distance 
inland,  the  diabasic  aspect  of  the  formation  and  the  obscurity  of  the 
pebbles  are  very  noticeable  features. 

Another  feature  of  the  highly  nietamorphic  conditions  of  the  for- 
mation is  the  iH('ta}nor2)liis7}i  of  f lie  pebble.^,  as  well  as  the  groundmass. 
By  this  means  the  mineral  nature  of  the  pebbles  is  approximated  to 
that  of  the  groundmass,  and  thus  the  obscurity  of  their  outlines  is 
caused.  The  pebble-bearing  **green  rock'*  on  the  mountain  south  of 
Ogishke-muncie,  seems  to  be  one  of  the  results  of  nietamorphic  changt 
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Fifteenth  Rep.,  p   165).     But  I  do  not  mean  to  assert  the  absence  of 
erupted  greenstones  in  other  parts  of  the  same  range.    A  similar 
change  has  been  suffered  in  the  ridge  a  mile  north  of  Ogishke  muncie. 
As  to  the  pebbles  themselves,  it  may  be  stated  that  their  most  cons- 
picuous features  are  their  strictly  smc^othed  spheroidal  forms,  the  di- 
versity of  their  mineral  characters  and  their  prevailing  arrangement 
in  courses.     Evidently,  these  rock-fragments  have  been  long  rolled  on 
Mme  ancient  beach.    Their  sizes  range  from  a  quarter  of  an  inch  to 
ten  inches;  and  the  groundmass  is  locally  composed  largely  of  the 
nme  materials  in  a  finer  state.     This  is  seen  on  the  main  land  north 
of  Camper's  island.     Without  attempting  a  complete  enumeration  of 
kinds,  the  following  may  be  named:     (1).  Syenite,  resembling  Saga- 
oiga  syenite  but  with  little  hornblende;  (2).  Greenstone;  (3).  Por- 
phyry; (4).  Red  jasper;  (5).  Flint;  (6).  Quartz,  opaque,  white;  (7) 
Petrosilez;  (8).  Ordinary  syenite  with  black  hornblende;  (9).  Dior- 
jte,  coarse,  with  dark  green  hornblende;  (10).  Dioryte,  fine,  with 
dirk  green  hornblende,  (11).  Porphyroid,  weathering  light  and  cel- 
lular; (12).  Siliceous  schist;  (13).  Carbonaceous,  siliceous  argillyte — 
iparingly.     The  foregoing  list  was  made  out  on  Camper's  island  near 
the  narrows  in  Ogishke-muncie  lake.     This  is  about  the  centre  of  the 
Bost  characteristic  portion  of  the  formation.     In  all  directions  from 
[kre  the  diversification  of  the  pebbles  diminishes.     On  Stacy  island 
however,  in  Kekequabic  lake,  the  conglomerate  is  slightly  brecciated, 
•nd  the  fragments  consist  of  fine  diabase,  dark  siliceous  schist,  red 
jasper  and  black  flint,  all  imbedded  in  a  matrix  of  dark  color,  looking 
aomewhat  like  the  overlying  dark  slate. 

The  relative  age  of  the  Ogishke  conglomerate  is  a  difficult  question 
which  cannot  be  regarded  as  settled.  The  prima  facie  evidence  would 
make  it  a  part  of  the  Kewatin  system,  conformable  in  structure  and 
consecutive  in  history.  The  fundamental  rock-stratum  holding  the 
pebbles  is  essentially  an  argillyte  presenting  the  .same  characters  and 
f object  to  the  same  variations  as  the  argillyte  of  Knife  and  Pseud.o- 
mes:}er  lakes  and  the  region  further  west  On  the  northern  boundar}' 
the  formation  visibly  passes  from  Ogishke-muncie  l»y  diminution  and 
final  loss  of  pebbles,  into  the  argillyte  of  Zeta  and  Epsilon  lakes  From 
Kekequabic,  it  graduates  similarly  into  the  argiliytes  of  Pickle,  Spoon, 
Plum  and  Knife  lakes.  On  the  west  it  is  traced  bv  absolute  con- 
tinuity  into  the  argillyte  of  the  western  Arm  of  Knife  lake,  and  thence 
through  Sucker,  Ensign,  Newfound  and  Moose  lakes.  The  argillytes 
•nd  associated  schists  of  the  series  as  found  at  Ensign  and  contiguous 
lakes,  are  admittedly  in  continuity  with  the  argil ktes  and  associated 
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schists  found  at  Lon^,  Sand,  Eagle  Nest  and  Vermilion  Iake«.  More- 
over, we  find  in  tbe  area  of  the  conglomerate  itself,  local  developments 
of  sericitic  schists,  such  as  farther  west  are  so  largely  associated  with 
the  argillytes.  These  are  found  on  the  shore  of  Ogishke-mnncie  lake 
south  of  Camper's  island,  and  farther  north  on  the  south  shore,  asso- 
ciated with  the  dolomyte  above  described.  Such  schists  are  elsewhere 
found  within  the  conglomerate  area,  on  Town  Line  and  Frog  Rock 
lakes.  To  make  the  identification  more  complete,  the  sericitic  schists 
of  Frog  Rock  and  Town  Line  lakes  are  filled  with  quartz  grains,  pre- 
cisely as  the  recognized  Kewatin  sericitic  schists  are  charged  with 
them  on  the  north  shore  of  Ensign  lake.  Finally,  as  the  porphyrel- 
lyte  of  Zeta,  Dike,  Knife  and  Gunflint  lakes  becomes  locally  charged 
with  feldspar  cr^'stals,  so  the  groundmass  of  the  conglomerate  be- 
comes similarly  charged  at  many  points  on  Zeta,  (rocks  916-17.) 
Eekequabic  and  Ogishke-muncie  lakes.  Lithologically  and  strati- 
graphical  ly,  therefore,  the  identification  seems  to  be  complete. 

The  structural  continuity  can  be  traced  still  farther  east  and  north- 
east. The  vertical  porphyrellyte  schists  of  the  eastern  part  of  Knife 
lake  alternate  with  dark  argillytes  traced  from  the  western  part  of  the 
lake,  and  arc  to  a  large  extent,  in  continuity  with  some  members  of 
them.  At  the  northeastern  extremity  of  Knife  lake,  the  argillaceous 
porphyrellytes  disappear  from  observation  in  the  direction  of  the 
northwest  shore  of  lake  Saganaga.  Along  that  shore  they  are  re-dis- 
covered. In  the  regions  last  mentioned,  the  argillaceous  porphyrel- 
lytes exhibit  characters  exceedingly  similar  to  the  schists  seen  north 
of  Gunflint  lake  and  traced  still  farther  east.  We  seem  to  discover 
therefore,  an  unbroken  continuity  between  the  western  schists  and 
the  eastern.  The  Ogishke  conglomerate  lies  between  the  two;  and  in 
making  their  connection  they  seem  to  pass  through  tbe  area  of  the 
Ogishke  conglomerate  On  struct ur-al  as  well  as  lithological  grounds, 
the  conglomerate  seems  to  belong  to  the  Kewatin  series. 

As  to  its  position  in  the  Kewatin  series  we  have  some  facts  to  aid 
the  formation  of  a  judgment.  The  conglomerate  is  succeeded  north- 
ward from  Ogishke-muncie  and  Kekequabic  lakes,  by  vertical  schists 
in  the  following  order:  1st.  Dark  argillytes  (Pickle,  Plum  andlKuife 
lakes);  2d.  Graywackes  (IVth  Arm  Knife  lake),  porphyrellytes  (IVth 
Arm  Knife  lake)  and  porodytes  and  Stuutz  conglomerate  (IVth  Arm, 
southern  bifurcation);  3d.  Porphyrellyles(IVth  Arm^  northern  bifur- 
cation, and  thence  across  the  main  body  of  the  lake  into  Canada). 
There  is  some  appearance  of  a  reversal  of  the  order  of  succession  in 
the  recurrence  of  a  broad  belt  of  porphyrellytes;  but  neglecting  that 
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qaestion,  the  occurrence  of  porodyte  and  Stuntz  conglomerate  on  the 
north  indicates  a  high  straiigraphic  position  for  the  conglomerate; 
nnce  porod3'te,  in  the  vicinity  of  Vermilion  lake,  holds  place  near  the 
'base  of  the  Eewatin  series.  Moreover,  porphyrelly te,  passing  down- 
ward into  porphyrel,  is  found  at  Gunflint  lake,  to  stand  in  close  rela« 
tioDs  with  the  crystalline  schists. 

Again,  it  has  been  shown  (Fifteenth  Rep.,  p.  165)  that  on  the  south- 
em  border  of  the  conglomerate  area,  the  prevailing  dip  of  the  beds  is 
northward  at  an  angle  of  50°;  while  it  is  shown  in.  this  report  (p.  322) 
that  at  the  southern  point  of  Epsilon  lake — just  north  of  the  limits 
of  the  conglomerate,  the  argillyte  has  a  southward  dip  of  75°.  These 
indications,  so  far  as  they  go,  place  the  Ogishke  conglomerate  in  a 
ijnclinal  basin,  at  the  top  of  the  Eewatin  series. 

It  will  be  remembered  that  reasons  exist  for  concluding  that  the 
Xewatin  series  bifurcates  in  this  vicinity,  one  branch  passing  to  the 
north  and  the  other  to  the  south  of  the  Saganaga  granite.  Thus  a 
triangular  space  exists  between  the  diverging  branches  on  two  sides 
and  the  (apparently)  obtuse  termination  of  the  granitic  mass  on  the 
west.  It  is  not  clear  how  these  relations  would  help  to  an  understand- 
ing of  the  geological  history  of  the  conglomerate.  If,  however,  the 
luperposition  of  the  conglomerate  is  correctly  induced,  there  must 
kare  existed  at  one  time,  a  sea  or  bay  of  limited  extent,  in  which 
coarse  pebbles  from  rapidly  crumbling  shores  were  copiously  accumul- 
ated. As  probably  the  uplift  of  the  granitic  mass  has  taken  place 
rince  that  time,  and  the  schists  thus  thrown  into  their  disturbed  po- 
sitions, the  configurations  now  apparent  would  convey  no  conception 
of  the  relations  of  land  and  water  during  the  formation  of  the  con- 
glomerate. 

A  different  conclusion  in  reference  to  the  age  of  the  Ogishke  con- 
glomerate may  possibly  be  entertained.  That  view  identifies  it  with 
tbe  Animike  series;  and  I  postpone  the  consideration  of  it  until  that 
ieries  shall  have  been  sketched. 

It  is  not  to  be  supposed  that  the  small  area  of  Ogishke  conglomerate 
above  described  is  the  only  conglomeritic  product  of  that  epoch.  It 
11  worthy  of  inquiry  whether  the  wide-spread  pebbles  of  the  Saganaga 
P'anite,  and  which  culminate  in  abundance  on  Wonder  island  in  Sag- 
inaga  lake,  and  on  the  west  of  Seagull  lake,  may  not  have  been  de- 
lved from  the  same  sources  of  supply.  It  is  true  the  pebbles  in  the 
ranite  are  much  less  diversified  in  character,  and  approach  generally 
le  nature  of  greenstones.  But  it  has  been  shown  that  the  pebbles  of 
)e  conglomerate  approach  a  similar  condition  in  situations  where 
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thermal  agencies  have  acted  most  efficiently.  As  in  the  gneisseSi 
such  agencies  have  been  far  more  transforming  than  in  any  terranc 
retaining  some  portion  of  its  original  sedimentary  arrangements^  the 
difference  in  the  nature  of  the  pebbles  in  the  two  formations  is  noi 
sufficient  ground  for  denying  their  community  of  origin.  It  is  alsc 
true  that  in  regions  further  south,  bowlders  closely  resembling  the 
indurated  portions  of  the  Ogishke  conglonaerate  are  of  frequent  occur- 
rence. The  relation  between  this  conglomerate  and  those  described 
by  Sir  William  Logan,  and  ascribed  to  the  Huronian,  cannot  be  here 
considered.  I  will  only  express  my  present  conviction  that  the 
Ogishke  conglomerate  may  be  identified  with  that  occurring  at  the 
mouth  of  the  Dor^  river,  near  Gros  Gap^  lake  Superior;*  but  seems  a 
different  one  from  the  ''slate  conglomerate"  of  the  valley  of  the 
Thessalon  river  north  of  lake  Huron.! 

The  Stuntz  conglomerate,  as  above  indicated,  is  not  to  becouTounded 
with  the  Ogishke  conglomerate.  It  holds  a  lower  stratigraphical  po- 
sition, is  generally  more  obscure  in  its  characters,  and  has  a  matrix 
possessing  less  a  slaty  than  a  porody tic  character.  Its  lateral  develop- 
ment is  also  inconsiderable.  Its  name  is  derived  from  Stuntz  bay  oi 
Vermilion  lake,  in  the  vicinity  of  which  the  formation  is  most  clearly 
exposed;  but  I  have  also  identified  it  on  the  south  shore  of  Knife  lake. 
At  some  points  about  Vermilion  lake  it  appears  as  an  ordinary  con- 
glomerate, with  pebbles  quite  foreign  to  the  matrix  in  which  they  are 
imbedded;  but  in  other  situations,  the  matrix  assumes  a  diabasic  ap- 
pearance, and  the  pebbles  are  but  imperfectly  differentiated  from  it. 
This  feature  is  analogous  to  conditions  found  in  the  Ogishke  con- 
glomerate.    It  is  the  latter  condition  only  which  occurs  on  Knife  lake. 

As  only  a  small  development  of  this  formation  has  fallen  within  the 
field  of  my  own  observations,  I  have  no  occasion  to  make  further  men. 
tion  of  it. 

(6)  Relation  of  the  crystalline  and  Kewatin  schists.  The  Kewatin 
schists  above  described  pass  downward  somewhat  abruptly  into  the 
crystalline  schists  of  the  '^Vermilion  group.*'  In  strati£:raphic  rela- 
tions the  two  series  are  everywhere  perfectly  conformable.  The  pos- 
sibility is  recognized,  however,  of  an  original  unconformity  which  hafi 
been  destroyed  by  violent  lateral  pressure  after  upheaval.  Yet,  ] 
think  such  original  unconformity  improbable  in  this  case.  Never- 
theless, a  geologic  break  must  be  recognized  in  the  interval  between 
them.     The  conditions  under  which  the  upper  and  more  earthy  have 

*  Gfnh^i,  of  Oinaf/a,  1W»3,  pp.  f>'i  and  53. 

\  In  ihlfl  I  differ  for  the  time  heinK  from  my  brother  (Amtriiyin  OeoloffUt,  1.  p  [U).  Bat  flnal  ttodlci 
will  probably  biing  as  into  harmony. 
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resulted  are  thoroughly  difiFerent  from  those  under  which  an  entire 
group  of  rocks  underlying  has  been  crystallized  and  foliated.  There 
is  no  historic  continuity  between  them.     They  belong  to  different  ages. 

Mineralogically,  the  relations  of  the  two  series  possess  much  interest. 
In  spite  of  the  inferential  break  between  them,  the  metamorphic 
agencies  which  have  given  exclusive  character  to  the  lower  seem  to 
have  encroached  slightly  upon  the  older  beds  of  the  higher.  In  re- 
peated instances  I  have  noted  a  gradual  passage  from  graywacke  to 
fine  mica-  or  hornblende  schist.  But  a  more  striking  observation 
is  the  passage  of  porphyrellyte  to  gneiss,  as  already  described.  The 
process  shows  how,  in  some  cases,  the  interposition  of  crystalline 
schists  between  the  Eewatin  schists  and  the  gneiss  has  been  prevented. 
It  also  serves  to  establish  an  affiliation  between  schists  admittedly 
sedimentary  in  origin  and  schists  sometimes  relegated  to  the  category 
of  eruptive  rocks. 

(7)  Are  any  of  the  chloritic  or  sericitic  schists  of  the  Eewatin 
eruptive?  I  have  stated  that  the  fully  developed  chlorite  schist, 
known  to  our  Survey  as  Eawasachong  rock,  presents  some  characters 
which  suggest  an  eruptive  origin.  It  has  a  rather  remote  resemblance 
to  some  old  decayed  diabases  in  which  a  rudely  bedded  structure  has 
been  imparted  by  pressure  and  cleavage.  In  some  cases  it  seems  to 
present  the  condition  of  an  obscure  dike,  conformable  with  the  bed- 
ding of  the  country  rock;  but  generally,  it  would  be  regarded  rather 
as  a  vast  overflow.  The  deficiency  of  siliceous  matter  favors  the  same 
view 

The  following  facts  of  observation  may  be  mentioned  as  opposed  to 
this  view.  The  **Eawasachong  rock**  appears  to  be  absolutely  con- 
tinuous with  schists  which  are  simply  chloritic  and  admittedly  of  sed- 
imentary character.  These  are  continuous  with  schists  described  as 
•'chloritic-sericitic**  or  "chloritic-argillitic. "  It  has  the  same  vertical 
bedding,  though  obscured,  and  this  conforms  with  that  of  the  ad- 
jacent schists.  These  chloritic  rocks  then,  are  all  one  mass,  and  of  one 
origin.  Again,  if  the  Eawasachong  rock  were  an  eruption,  it  should 
disclose  somewhere,  unmistakable  lines  of  limitation.  Instead  of  this 
it  always  fades  into  the  contiguous  schist,  and  loses  its  proper  char- 
acters, without  the  possibility  of  fixing  its  bounds  These  limitations 
are  wanting  equally  in  a  vertical  and  a  horizontal  direction.  And 
lastly,  in  addition  to  being  incorporated  as  a  constituent  in  a  system 
of  schists,  its  volume  is  too  vast,  and  too  widely  distributed  to  permit 
the  probability  of  its  eruptive  character. 

Similar  statements  may  be  made  pro  and  con^  respecting   the  ongm 
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of  the  sericitic  schists,  or  any  portion  of  them.  The  discovery  of 
bedding  as  a  result  of  pressure  and  motions-even  bedding  in  many 
eruptive  innsses,  should  not  lead  to  the  following  of  a  fashion  which 
ignores  tht*  obvious  and  primary  significance'of  the  bedded  arrange- 
ment in  rocks. 

4.  The  Animike  series. — The  term  Animike  is  introduced  into  Min- 
nesota geology,  from  its  use  by  Dr.  T.  S.  Hunt  as  the  designation  of  a 
remarkable  series  of  schists  occurring  on  the  west  shore  of  Thunder 
bay  of  lake  Superior.*  Their  identity  with  the  typical  Huronian  rocks 
found  north  of  lake  Huron,  was  detected  by  professor  R.  D.  Irving, 
and  is  fully  established  by  personal  studies  made  by  my  brother  and 
myself  in  1887.+ 

(1)  Distribution.  The  Animike  rocks  stretch  from  Thunder  bay 
southwestward  as  far  as  'Duluth,  and  still  beyond  to  the  Mississippi 
river.  The  lake-shore  belt  however,  from  Grand  Portage,  for  an 
average  width  of  about  twenty  miles,  is  occupied  by  rocks  of  the  Ee- 
wenian  or  copper  bearing  series — including  portions  of  the  lake  Super- 
ior sand-stone.  I  have  studied  them  along  the  international  boun- 
dary from  Grand  Portage  to  Guuflint  lake,  from  which  they  continue 
westward  for  at  least  four  or  five  miles,  and  possibly  to'  the  vicinity 
of  Ogishke-muncie  lake.  There  is  reason  to  suppose  that  some  of 
the  black  slates  as  far  west  and  north  as  Knife  lake  belong  to  this 
series. 

At  Gunflint  lake  and  eastward,  the  formation  assumes  a  striking 
character,  and  contributes  to  a  peculiar  physiognomy.  The  surface 
presents  a  series  of  ridges  or  ranges  approximately  parallel,  but  much 
broken  in  their  continuity  east  and  west.  The  ridges  have  the  ap- 
pearance of  a  succession  oP  monoclinals  dipping  southward.  The 
basal  portions  of  the  ridges  consist  of  strata  of  the  Animike  series, 
dipping  gently  southward,  and  presenting  on  the  south  an  easy  decliv- 
ity, while  the  north  is  precipitous  and  exposes  the  edges  of  the  strata' 
The  summits  are  crowned  with  gabbro.  The  numerous  lakes  occupy 
the  depressions  between,  so  that  the  southern  shore  of  each  lake  pre- 
sents a  frowning  precipice  while  the  northern  shore  is  low,  but  often 
gabbro- covered,  with  the  surface  gently  rising  northward.     It  is  nat- 


*Hunt,  Tmnn.  Amer.  Itutt.  of  Mining  Enpineertt  vol.  i,  p.  389.  Full  deacrlptlonB of  the  formAtlfMl 
:nAy  be  foand  In  Logan^s  Qeology  of  Oinnduy  18G3,  pp.  6d-70;  and  more  extended  in  Irving*!  Cbfvier- 
hearing  Rockn  of  Lake  Sujieriort  In  monographs  of  the  United  States  Geological  Sarrey,  toI.  t,  pp> 
367-386.  AIM),  Third  Annual  Report  U.  S.  Geol.  Surv.,  pp.  157.163.  Consalt  also,  Bell,  In  Qeolof[tcal 
Sarvey  of  CanHda.    Report  fur  1866-69,  pp.  31S>19,  and  Report  1872-73,  pp.  98-8. 

1-  N.  H.  Winchell  •'On  the  Original  Huronian,''  American  Geolngist,  i ,  pp.  ll-M,  Jan.  1868 
Prof.  Irving  went  Tarther,  and  identi/ied  with  the  Haronlan,  the  iron-hearing  rockt  of  Marqutli 
Menominee,  (iogebic  and  Vermilion  lake. 
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p  to  actaal  contact,  I  fiod  sometimea  a  progressiTe 
{abbro,  so  that  the  actaal  plane  of  contact  would 
a  similar  graduation  existed  at  all  neighboring 
'J.  The  fact  is  singular  that  in  some  caMcs  the 
H  ita  characters  little  changed  quite  up  to  the  baae 
link  it  may  be  stated  that  the  change  is  greatest 
B  18  moat  abundant.  In  one  place  where  ezamina- 
e  magnetilic  bed  was  found  uncovered  at  the  lake 
ro  was  discovered  in  the  vicinity,  at  an  elevation 
Dg  on  dark  slates.  These  slates  were  much  less 
r  places  of  contact  with  the  gabbro.  They  were 
.  The  indication  is  that  ahove  the  main  bed  of 
1  of  slates  magnetitic  or  not.  When  not  ao,  they 
lange  tlian  when  otherwise. 

erous  beds  appear  to  be  simply  hicmatitic  I  have 
ondition  has  aoiuetimes  resulted  (as  it  certainly 
')  from  a  change  of  the  magnetite.  Equally  prob- 
on  of  heematitic  beds  from  an  original  sideritic 
'udition  is  conjectured  as  present  in  many  cases, 
not  as  yet  been  afforded  for  settling  the  question. 
Mcure  character  remains  to  be  mentioned.  This 
inesota  Survey  as  "muscovado,"  and  sometimes 
,8  "gabbroloid. "  It  is  composed,  as  far  as  field 
>  judge,  of  a  fine  granular  mass  of  feldspar  and 
impalpable  groundmass  of  the  same  materials 
30US  matter.  It  often  contains  fine  scales  of  bio- 
e  and  specks  of  carbonaceous  or  anthracitic  mat- 
re,  some  relation  to  graywacke.  On  the  southern 
ichigama,  it  does  not  reveal  any  bedded  structure 
)  but  rests  on  the  obscure  vertical  edges  of  a  gray- 
On  an  island  in  the  eastern  part  of  the  lake, 
ts  overflowed  by  gabbro  are  seen  to  have  u  strati- 
^p.,  p.  171).  It  is  probably  the  same  rock  which 
id  in  Iltusiuu  lake  {XY  Rep.,  p.  145).  On  the 
ilake  (this Report,  p.  305),  "muscovado  "  occurs 
D  glassy  feldspar  and  has  been  reported  a  qua^tzyte. 
beneath  a.  mass  of  magnetitic  gabbro,  and  its 
y'beddcd.  It  occur.'*  also  on  the  north  shore  of 
a  feeble  development,  and  here  appears  to  He  be- 
3  bed  of  the  Animike.  Finally,  at  the  iron  loca- 
:  of  Ounflint  hike,  a  couple  of  beds  aggregating 
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siliceous — especially  the  jaspery,  bands,  are  found  on  the  north  shore, 
though  most  of  the  pebbles  are  accumulated  on  the  east  and  southeast 
shores.  The  brecciated  and  contorted  conditions  of  the  formation 
involve  the  portion  with  siliceous  bands. 

(3)  The  magnetitic  beds.     Embraced  in  the  Animike  slates  are  beds 
charged  with  magnetite,  haematite  and  siderite.     These  also  hold  posi- 
tion in  the  higher  parts  of  the  cliffs  along  the  south  shores  of  the 
lakes;  and  frequently  the  richest  impregnation  is  in  close  proximity 
to  the  overlying  gabbro.     On  the  north  and  west  sides  of  Gunflint 
lake,  magnetitic  beds  lie  near  the  water-level,  and  for  some  miles  west 
of  the  lake  they  are  quite  extensively  exposed  or  accessible.     The 
principal  beds  are  two  to  four  feet  in  thickness.    In  the  richest  con- 
dition the  magnetite  attains  a  high  percentage  of  the  whole  mass,  and 
is  black,  coarse-granular,  and  metallic  in  lustre.      But  from  this  con- 
dition the  percentage  of  iron  graduates  down  to  a  quantity  barely 
perceptible.  These  fluctuations  in  richness  exist  both  in  a  vertical  and 
a  horizontal  sense.     The  magnetitic  beds  on  the  north  and  west  shores 
are  generally  uncovered;  but  on  the  north  shore  of  the  Animike  bay, 
near  the  west  end,  a  heavy  gabbro  deposit  is  found  above  the  Animike 
at  an  elevation  of  about  twenty  to  thirty  feet.    The  same  relation  to 
the  gabbro  deposit  obtains  along  the   south  shore  of  this  and  other 
lakes  at  levels  ten  times  as  high.     The  indication  from  these  facts  is 
that  the  iron  holds  place  in  the  upper  part  of  the  formation,  but  ap- 
parently, not  at  the  top  in  all  cases.     The  difference  of  topographic 
level  on  opposite  sides,  also  indicates  an  uplift  along  the  south  side, 
and  a  fault  along  the  axis  of  the  lake,  as  before  suggested.   The  strat- 
igraphic   position  of  the  magnetitic  beds  is  also  indicated  by  their 
position  near  the  surface  of  the  formation  at  the  test-pits  two  miles 
west  of  the  head  of  Animike  bay.     The  subject  is  considered  with  full 
details,  on  pp.  267,268,   illustrated  by  figures  48  and  49.      The  mag- 
netite has  by  sonic  writers  been  located  in  the  lower  part  of  the  Ani- 
mike; and  on  the  theory  of  the  formation  of  the  lake-basin  by  erosion, 
the  position  of  the  magnetitic  beds  along  the  north  shores,  would  give 
color  to  such  an  opiniou. 

The  siliceous  and  magnetitic  beds  being  both  located  in  the  upper 
part  of  the  formation — at  least  in  the  same  part  of  it — the  two  char- 
acterizing constituents  are  often  found  in  the  same  stratum.  But  be- 
sides the  frequent  silicificatiou  of  the  formation  in  proximity  to  the 
overlying  gabbro,  it  is  quite  frequently  found  changed  in  such  a  man- 
ner as  to  simulate  the  aspect  of  the  gabbro.  After  studying,  inch  by 
inch,  the  petrographic  condition  of  the  slate,  irom  a  point  five  feet 
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below  the  gabbro  up  to  actual  contact,  I  find  sometimes  a  progressive 
assimilation  to  the  gabbro,  so  that  the  actual  plane  of  contact  would 
be  unidentifiable  if  a  similar  graduation  existed  at  all  neighboring 
points  in  the  vicinity.  The  fact  is  singular  that  in  some  cases  the 
black  slate  preserves  its  characters  little  chaoged  quite  up  to  the  base 
of  the  gabbro.  I  think  it  may  be  stated  that  the  change  is  greatest 
where  the  magnetite  is  most  abundant.  In  one  place  where  examina- 
tions were  made,  the  magnetitic  bed  was  found  uncovered  at  the  lake 
shore,  and  the  gabbro  was  discovered  in  the  vicinity,  at  an  elevation 
30  feet  higher,  resting  on  dark  slates.  These  slates  were  much  less 
altered  than  in  other  places  of  contact  with  the  gabbro.  They  were 
also  less  magnetitic.  The  indication  is  that  above  the  main  bed  of 
magnetite  is  a  series  of  slates  magnetitic  or  not.  When  not  so,  they 
have  suffered  less  change  tban  when  otherwise. 

Some  of  the  ferriferous  beds  appear  to  be  simply  haematitic  I  have 
surmised  that  this  condition  has  sometimes  resulted  (as  it  certainly 
has  in  some  gabbros)  from  a  change  of  the  magnetite.  Equally  prob- 
able is  the  production  of  haematitic  beds  from  an  original  sideritic 
condition.  Such  condition  is  conjectured  as  present  in  many  cases, 
but  opportunity  has  not  as  ydt  been  afforded  for  settling  the  question. 

A  terrane  of  an  obscure  character  remains  to  be  mentioned.  This 
is  known  to  the  Minnesota  Survey  as  ''muscovado,"  and  sometimes 
also  to  the  writer,  as  "gabbroloid."  It  is  composed,  as  far  as  field 
studies  enable  me  to  judge,  of  a  fine  granular  mass  of  feldspar  and 
quartz  in  an  almost  impalpable  groundmass  of  the  same  materials 
mingled  with  aluminous  matter.  It  often  contains  fine  scales  of  bio- 
tite,  grains  of  olivine  and  specks  of  carbonaceous  or  anthracitic  mat- 
ter. It  has,  therefore,  some  relation  to  gray  wacke.  On  the  southern 
shore  of  lake  Gabimichigama,  it  does  not  reveal  any  bedded  structure 
(XV  Rep.,  pp.  70-1,)  but  rests  on  the  obscure  vertical  edges  of  agray- 
wackenitic  terrane.  On  an  island  in  the  eastern  part  of  the  lake, 
muscovado  fragments  overflowed  by  gabbro  are  seen  to  have  a  strati- 
fied structure  (XY  Rep.,  p.  171).  It  is  probably  the  same  rock  which 
was  seen  on  an  island  in  Illusion  lake  (XY  Rep.,  p.  145).  On  the 
north  shore  of  Iron  lake  (this  Report,  p.  305),  "muscovado  "  occurs 
which  contains  much  glassy  feldspar  and  has  been  reported  a  quartzyte. 
Its  position  here  is  beneath  a  mass  of  magnetitic  gabbro,  and  its 
structure  is  obscurely^bedded.  It  occurs  also  on  the  north  shore  of 
Animike  bay,  under  a  feeble  development,  and  here  appears  to  lie  be- 
neath the  magnetitic  bed  of  the  Animike.  Finally,  at  the  iron  loca- 
tion two  miles  west  of  Gunflint  lake,  a  couple  of  beds  aggregating 
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eight  feet  in  thickness,  and  approaching  **  muscovado"  in  character. 
are  seen  immediajtely  beneath  the  magiietitic  bed.  It  is  not  seen  at 
the  test-pit.  because  its  position  is  lower  than  the  lowest  bed  exposed 
in  the  pit,  as  shown  in  Figure  49. 

It  appears,  therefore,  that  this  terrane  is  a  member  of  the  Animike. 
If  it  is  properly  identified  at  Gabimichigama  lake,  the  inference  is, 
that  the  thin  border  of  the  Animike  reaches  as  far  north  as  that  point; 
and  that  further  exposures  of  Animike  ought  to  be  found  by  exploring 
further  south — for  instance,  on  the  shores  of  Little  Saganaga.  It 
will  be  noticed,  however,  that  the  muscovado  of  Gabimichigama  re- 
tains its  characteristic  horizontal  position,  and  that  a  vertically  bedded 
terrane  underlies  it. 

There  is  indication  that  the  very  highest  beds  of  the  Animike  are 
simple  argillytes  with  little  magnetite  or  i^one;  and  that  the  absence 
of  the  magnetite  explains  the  comparatively  unaltered  condition  of 
the  slate  where  the  gabbro  rests  upon  it.  These  beds,  however,  do 
not  appear  to  be  over  twenty  or  thirty  feet  thick. 

Nothing  can  be  stated  with  definiteness  respecting  the  total  thick- 
ness of  the  Animike  series  in  Minnesota.  The  maximum  thickness 
observed  in  one  place  is  in  the  cliffs  of  Rove  lake  and  of  North  and 
South  Fowl  lakes.  Mount  Reunion  of  Rove  lake  exposes  a  bluff  of 
slates  to  the  hight  of  about  100  feet  above  the  lake.  The  lower  50 
feet  however,  are  concealed  by  a  talus.  At  the  outlet  of  South  Fowl 
lake  is  a  hill  which  I  calculated  to  be  288  feet  high.  As  about  two- 
fifths  of  the  altitude  is  gabbro,  the  thickness  of  the  underlying 
Animike  is  about  175  feet,  if  it  extends  to  the  water-level. 

Probably  it  extends  much  lower.  The  distance  from  this  point  in 
a  straight  line  to  Partridge  falls  is  6.7  miles.  The  direction  of  Pigeon 
river  between  the  two  points  is  about  southeast,  and  the  whole  descent 
may  be  estimated  at  100  feet.  The  dip  of  the  Animike  slates  is  about 
8^  toward  S.  10°  E.  The  distance  between  South  Fowl  lake  and  Par- 
tridge falls  corresponds  to  a  distance  of  5^  miles  across  the  strike  of 
the  schists;  and  this  distance,  with  dip  assumed,  corresponds  to  a 
vertical  thickness  of  4,032  feet.  If  to  this  we  add  the  hight  of  the 
schists  at  South  Fowl  lake,  we  should  get  4,200  feet  as  the  apparent 
thickness  of  the  Animike  between  the  two  points  assumed.  This 
would  not  be  the  total  thickness,  since  it  is  known  to  continue  still 
farther  in  the  direction  of  the  dip.  t 

From  the  lithologic  details  given,  as  well  as  from  the  slight  inclina- 
tion of  the  formation,  it  becomes  very  apparent  that  thd  Animike  of 
Minnesota  is  the  equivalent  of  the  ''slate  conglomerate*'  of  the  typieal 
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Huronian  of  Canada,  as  described  in  the  earlier  pages  of  fchis  report. 
Another  determination  of  even  greater  importance  is  afforded  by  the 
facts  to  which  I  now  proceed  to  refer. 

(4)  Unconformities  of  the  Animike.  Professor  Irving  of  the 
United  States  geological  survey,  had  ranged  under  Huronian  not  only 
the  Animike  slates  of  Minnesota  and  other  regions,  but  also  the  slates 
holding  the  vast  haematite  deposits  of  Vermilion  lake  and  other  dis- 
tricts in  the  lake  Superior  basin.  But  it  has  been  my  good  fortune 
to  make  observations  which  demonstrate  that  the  Animike  and  Ee- 
watin  rocks  belong  to  different  geological  systems.  A  brief  announce- 
ment of  observations  made  in  August,  1887,  was  published  in  Octo- 
^  ber,*  and  some  addititmal  details  in  December  last.f  Fuller  details 
are  embodied  in  §  12  of  this  report.  It  is  therefore  only  necessary  in 
this  place  to  summarize  the  facts  to  which  I  refer.  With  professor 
Irving  it  was  a  problem  not  satisfactorily  resolved,  to  reconcile  the 
horizontal  position  of  the  Animike  slates  of  Gunfiint  lake  and  Thun- 
der bay  with  the  vertical  position  of  the  schists  called  in  this  report 
Eewatin,  on  the  supposition  which  he  made,  that  the  horizontal  and 
vertical  slates  are  identical,  and  both  Huronian.  With  this  problem 
before  my  mind,  I  sought  diligently  for  the  continuous  passage  of  the 
horizontal  schists  of  the  east  into  the  vertical  schists  of  the  west. 
The  vertical  schists  were  lost,  going  eastward,  on  the  southeast  side 
of  Seagull  lake.  The  horizontal  (Animike)  schists  were  found  seven 
miles  further  east,  at  the  western  extremity  of  Gunflint  lake.  I  was 
preparing  to  undertake  the  arduous  task  of  exploring  the  intervening 
region,  when  fortunately,  I  rediscovered  the  vertical  schists  on  the 
north  shore  of  Gunflint  lake.  Th^  Animike  beds  had  been  seen  on 
the  east  and  on  the  west  of  this  point.  I  therefore  atudied,  foot  by 
foot,  the  region  separating  these  vertical  schists  from  the  Animike  on 
the  east,  and  traced  the  two,  unchanged  in  attitude,  to  within  seven 
feet  of  actual  contact.  They  were  there  as  contrasted  in  petrographic 
characters  as  in  stratigraphic  position.  The  one  was  not  continuous 
with  the  other  They  were  not  only  two  different  formations;  they 
were  two  systems.  The  reader  will  turn  to  the  earlier  part  of  this 
report  for  the  details  of  facts.  The  vertical  schists  were  subsequently 
found  in  this  vicinity  under  a  great  development, t  but  reaching  the 
shore  of  the  lake  only  for  a  limited  distance. 

*  Jkmer.  Jour.  ScL,  III,  vol.  xxxiv  p.  3U. 

f   Umccnformittet  of  the  Animike  in  Miune»ota^  American  Geologist,  pp.  14-21,  Jan.  188&. 

I  Later,  I  noticed  tliat  these  schists  Iia  I  been  mentloDcd  by  my  brotlier  as  early  us  1880,  in  the 
Jfintk  Annwd  Report^  Geoloov  of  Minnenota,  p.  82;  and  he  then  pronounced  them  "another  and  dis- 
tinct formation  from  the  si  atot  at  Grand  Portage."  They  were  apparently  referred  to  again  in  the 
Tenth  Hfport.  1B81,  p.  88. 
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In  the  Inst  elaborate  paper  published  by  professor  Irving,  he  ffiTes 
a  figure*  quite  similar  to  my  figure  44,  but  he  falls  into  an  error  in  the 
interpretation  of  the  facts.  Regarding  the  flat-lying  Animike  as 
identical  with  the  iron-bearing  formation  of  Vermilion  lake,  he  thinks 
the  vertical  schists  shown  in  the  figure  to  belong  wholly  to  the  crys- 
talline series.  They  are  the  crystalline  series  at  the  right  of  the  figure; 
but  at  the  left  they  graduate,  as  at  Vermilion  lake,  into  the  entirely 
conformable,  haematitic,  Eewatin  series.  Thus  the  Animike  slates 
are  truly  unconformable  with  the  haematitic  schists.  There  is  another 
difficulty  in  professor  Irving's  interpretation.  On  his  view,  the  iron- 
bearing  series  is  abruptly  unconformable  with  the  older  crystalline 
schists.  The  fact  is,  that  every  observation  made  in  Minnesota,  bear- 
ing on  the  relations  of  the  two,  shows  the  Kewatin  iron -bearing  schists 
completely  conformable  with  the  crystalline  schists.  This  objection 
can  hardly  be  disposed  of. 

But  the  unconformity  of  the  Animike  with  the  Eewatin  schists 
does  not  depend  for  proof  on  a  single  illustration.  On  the  north  side 
of  Epsilon  lake,  T.  65-6,  the  two  formations  are  found  again  in  con- 
tact. The  unconformity  is  disguised  by  a  common  system  of  vertical 
cleavage  planes  running  through  them;  but  by  careful  search  I  suc- 
ceeded in  finding  the  sedimentary  ribboning  of  the  Kewatin  slates 
coincident  with  the  cleavage,  while  the  conspicuous  ribboning  of  the 
Animike  slates  made  a  large  angle  with  the  cleavage.  These  facts  are 
illustrated  in  figure  59  of  this  report. 

After  leaving  the  field  I  received  information  of  another  stratigram 
phic  unconformity  in  the  far  east,  in  sec.  1,  T.  64-3B.  While  this 
report  is  in  press,  I  learn  of  still  another,  far  to  the  southwest.  Mr. 
H.  V.  Winchell  writes,  under  date  of  Aug.  5,  1888:  '^Horizontal, 
black  Animike  quartzyte  containing  iron  ore,  lyiug  (unconformably) 
on  the  vertically  bedded  Kewatin,  which  strikes  N.  80'='  E.  is  found  in 
sec.  11,  T.  5914W.  The  Animike  is  found  nearly  at  the  top  of  the 
Giant's  range/'     This  locality  is  about  fifteen  miles  south  of  Tower. 

The  superposition  of  the  ('supposed  upper  beds  of  the)  Animike 
slates  on  the  flanks  of  the  Saganaga  gneiss  has  been  described  in  this 
report,  and  illustrated  in  figures  48  and  49.  It  seems  probable  that 
mauy  of  the  depressions  in  the  old  eroded  surface  of  the  Kewatin,  in 
the  region  from  Gunflint  lake  to  Knife  and  Sucker  lakes,  were  filled 
with  the  sediments  of  the  Animike.  Subsequently  the  whole  region, 
and  both  systems  of  strata  have  been  subjected  to  the  common  action 

*  In  the  iieconl  pirt  or  a  memoir  published  in  the  Amer.  Jour.  .Sci.,  HI.  vol.  xxxir,  p.  91 1 

fig.  a. 
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which  has  imparted  to  both  that  wonderfully  persistent  and  uniform 
vertical  schistosity  which  is  so  striking  a  feature. 

I  have  heretofore  recorded  my  impression  that  certain  black  argil- 
lytes  found  in  the  Ticinifcy  of  Negaunee,  Michigan,  as  well  as  similar 
argillytes  seen  in  the  Gogebic  range,  are  probably  members  of  the  Ani- 
mike.  It  seems  probable  also,  that  the  black  fine-grained  slates  and 
interlaminated  siliceous  beds  of  Carp  river,  in  the  Upper  Peninsula  of 
Michigan,  may  sustain  the  same  relations.  A  similar  judgment  may 
be  passed  on  the  slates  of  I'Anse  and  Huron  bay — the  lighter  colored 
of  I'Anse  creek  constituting  an  upper  division,  the  banded  slates  al- 
ternating with  compact  siliceous  beds  partly  light  and  partly  dark 
constituting  a  middle  division,  and  the  roofing  slates,  a  lower  division. 
It  is  worthy  of  inquiry  also  whether  the  dark  slates  described  by 
Houghton,  in  the  interior,  southeast  from  the  Porcupine  Mountains 
and  the  Montreal  river,  may  not  also  be  equivalents  of  the  Animike. 
Some  of  the  quartzytes  and  argillytes  of  the  Menominee  river,  were 
referred  by  Houghton  and  Emmons,  as  the  latter  states,  to  the  Taconic; 
bat  it  is  not  unlikely  that  they  represent  the  Animike.^ 

(5)  Must  the  Ogishke  conglomerate  be  assigned  to  the  Animike  ?   I 
have  already,  in  speaking  of  the  Kewatiu  series,  given  reasons  for 
thinking  the  Ogishke  conglomerate  should  be  included  in  it.     There 
are  also  reasons  for  suspecting  it  to  be  a  part  of  the  Animike.     The 
dark  colored  argillytes  into  which  we  trace  the  beds  of  the  conglom- 
erate by  strict  continuity,  bear  strong  resemblance   to  the  slates  of 
Gunflint  lake.     If  we  pass  northward  from  Eekequabic,  across  the 
strike  of  the  region,  we  come  upon  the  Knife  lake  siliceous  argillytes, 
which   resemble  the  more  characteristic  siliceous  argillytes  of  the 
Animike.     These  slates  are  also  locally  ferruginous,  and  the  jaspilitic 
banded  example  illustrated  in  figure  20,  is  supposed  to  have   been  de- 
rived from  the  Knife  lake  slates  —though  this  is  only  a  coujecture.  This 
example  bears  a  striking  resemblance  to  the  jaspery  schists  on   the 
north  shore  of  Gunflint  lake.     A  similar  loose  piece,  less  contorted, 
was  seen  between  Epsilon  and  Kekequabic  lakes.     This  is  illustrated 
in  figure  60.     The  presumption  is  that  this  was  derivt^l  from  Animike. 
Kewatin  slates  are  near  on  the  north,  but  they  are  argillaceous  and 
porphyrellitic. 

Again,  the  slates  involved  in   the  Ogishk*^  conglomerate  appear  to 
lose  their  steady  verticality  in  the  region  of  Apjamok,  and  the  north 
hore  of  Gabimichigama.     It  is  possible  that  this  is  the  region  of  pass- 


*ThU  In  fact,  has  Alrea<ly  hwa  suggested  by  IrviDgand  by  nnnt. 
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age  from  the  flat-lyiug  schists  of  Giinfiinfc  lake  to  the  vertical  scfautt 
of  Knife  lake. 

In  addition,  it  may  be  mentioned  that  the  peculiar  rock  known  io- 
our  survey  as  muscovado,  is  found  on  the  southern  shore  of  lake  6abi- 
michigama  (where  sometimes  it  is  micaceous),  and  something  similar 
on  an  island  in  Illusion  lake  (XY  Rep.,  p.  145).     In  these  regions,  tbe 
vertical  Kewatin  has  not  been  certainly  identified.     On  the  other 
hand,  muscovado  of  similar  character  is  found  at  several  poiats 
already  mentioned,  and  at  some  of  them  it  appears  to   be  an  upper 
bed  of  the  Animike.    I  have  already  recorded  my  readiness  to  admit 
that  it  represents  the  Animike  on  lake  6al)imichigama. 

The  objections  to  these  views  which  present  themselves  to  my  mind 
are  as  follows :  1.  The  evidence  already  cited,  that  the  Ogishke  slates 
and  conglomerates  are  embodied  conformably  in  the  great  mass  of  the 
Kewatin  series.  2.  The  fact  that  the  Kewatin  series  in  the  region  of 
Vermilion  lake  includes  conspicuous  siliceous  and  jaspilitic,  as  well  as 
ferruginous,  layers.  These  are  fully  described  and  illustrated  in  the 
fifteenth  annual  report.  3.  If  the  Ogishke  slates  are  a  part  of  the 
Animike,  they  carry  with  them  the  vast  series  of  slates  on  the  northi 
into  which  they  pass  by  transitions  and  intercalations  which  proclaim 
a  historic  continuity.  But  most  of  these  northern  schists  would  not 
be  claimed  for  the  Auimikc.  In  fact,  the  northern  porphyrellytesare 
not  distinguishable  from  the  porphyrellytes  of  Gunflint  lake,  which 
lie  discordantly  beneath  the  Animike.  4.  If  the  Animike  slates 
change,  in  the  neighborhood  of  Ogishke-muncie  lake,  from  a  gently 
inclined,  to  a  vertical  position,  it  is  inexplicable  that  in  Epsilon  lake, 
two  miles  northwest  of  Ogishke-muncie,  the  Animike  slates  should  be 
found  again  with  an  inclination  in  the  same  direction  as  they  show  at 
every  other  point  in  31innesota.  5.  Even  if  the  thin  edge  of  the 
Animike  reaches  as  far  as  Gabimichigama,  it  will  be  observed  that  it 
appears  to  lie  in  a  horizoutal  position  upon  the  obscure  edges  of  an 
older  series,  which  probably  represents  the  Kewatin.  Its  presence, 
therefore,  would  not  help  to  the  identification  of  the  Ogishke  con- 
glomerate with  the  Animike. 

5.  Eruptire  rocks.  On  this  subject  I  am  not  prepared  to  offer  many 
generalizations.  1  wish  to  exclude  from  this  connection  most  of  the 
granitoid  and  gneissoid  rocks,  as  well  as  the  crystalline  schists,  and 
the  chloritic  and  sericitic  schists.  It  is  very  evident  that  heat  has 
played  a  most  important  part  in  the  geologic  history  of  the  region,  but 
in  conceding  the  enormous  influence  of  thermal  agencies,  I  feel  con- 
strained to  H.ssnme  a  somewhat  conservative  position. 
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(1)  The  great  gabbro  flood.  I  agree  fully  wifch  American  geologists 
in  assigning  a  primitive  molten  condition  to  the  sheet  of  gabbro 
which  covers  so  many  hundreds  of  square  miles  in  the  northwest.  But 
its  wide  extent,  considered  as  a  molten  flood,  is  a  fact  which  excites 
amazement.  My  own  observations  have  traced  it  over  an  area  of 
twent}*  townships,  or  720  square  miles.  In  the  surveyed  and  platted 
portion  of  Minnesota,  west  of  the  Grand  Portage  Reservation,  it  is> 
reported  as  covering  an  area  of  thirty-two  townships,  or  1,152  square 
miles.  There  are  about  seven  townships  more  in  which  the  surface  is 
occupied  by  more  recent  eruptives,  which,  in  all  probability,  overlie 
a  sheet  of  gabbro;  giving  us  a  total  of  thirty-nine  townships,  or  1,400 
square  miles,  once,  in  the  history  of  the  state,  covered  by  a  glowing 
flood  of  molten  rock. 

The  upper  surface  of  the  gabbro  sheet  lies  at  the  present  time  at 

elevations  very  difl^erent  at  different  points.     While  we  must  conoludt? 

i»hat  the  surface  over  which  it  poured   had   already  undergone  vast 

erosions  at  the  epoch  of  the  gabbro  outburst,  it  becomes,  to  my  mind, 

naore  and  more  probable  that  great  upheavals  of  the  earth's  crust  have 

iHen  suffered  since  the  epoch  of  the  outburst.     I  incline  to  think  this 

tile  explanation  of  the  saw-teeth  configuration  of  the  vertical  section 

f^oni  north  to  south.     There  must  have  been,  then,  an  action  analo* 

£'ous  to  that  which  produced  the  famous  ''monoclinals  "  in  the  geology 

^^  the  plateau  region  of  the  continental  interior.     At  what  epoch 

''<ice  the  gabbro  outflow  the  disturbance  took  place,  I  know  no  means 

^^dtatermining.     It  may  have  been  geologically  late.     In  considering 

the   erosive  retrocession  of  some  of  the  cliff^s,  I  have  been  impressed 

^*tl^  the  incompleteness  of  the  work  which  has  b^en  begun,  and  ap- 

^**'^iitly  only  begun.     I  am  prepared  to  believe  that  the  dislocations 

^f  the  country  do  not  antedate  the  continental  glaciation. 

lu  their  physiognomy,  the  gabbro  masses  present  a  rude  resemblance 

.^  basalt.     Though  the  columnar  structure  is  exceedijigly  incomplete, 

'r   "becomes  a  conspicuous  feature  under  the  influence  of  perspective. 

^  ^stance  smooths  and  completes  the  rude  and  ill  defined  figures  which 

^^^  like  a  colonnade  from  the  cornices  of  the  loftv  structures  reared 

^  hundreds  of  regular  horizontal  courses  of  stone-work.     From  lake 

^^    lake,  from  ridge  to  ridge,  these  mimic  forms  succeed  with  such  uni- 

,^^mity  and  impress! veness,  that  even  the  geologist  begins  to   fancy 

^self  wandering  among  the  ruins  of  some  desolated  ancient  city. 

Scarcely  any  other  structure  is  discernible  in  the  gabbro  mass.     At 

'^es  indications  appear  of  the  existence  of  imbricating  layers  having 

gentle  dip,  as  if  the  fluid  rock  had  swept  urer  the  country  in  sueces- 

45 
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sive  tides.  For  the  greater  part^  the  rock  is  massive  in  aspect  except 
along  the  faces  of  the  crowning  cliffs.  This  is  particularly  the  case 
with  the  occurrences  along  the  northern  shores  of  the  lakes.  Except. 
when  weathered,  the  gabbro  is  solid  and  tough;  but  in  some  regions, 
as  around  Ima  and  Frazer  lakes,  entire  exposures  lie  in  a  rusted  and 
crumbling  condition.  A  similar  condition  is  seen  in  the  highcliffisat 
the  west  end  of  Loon  lake 

In  texture  the  gabbro  is  characteristically  coarse.  Sometimes  some 
of  the  constituent  minerals  are  half  an  inch  in  diameter.  From  this 
they  graduate  down  to  an  extreme  degree  of  fineness,  so  that  it  be- 
comes impossible  to  decide  macroscopically  whether  the  rock  is  a 
gabbro,  a  noryte,  a  diabase,  or  only  an  altered  condition  of  a  contig- 
uous formation. 

No  thorough  examination  has  been  made  by  me  of  its  mineral  con- 
stitution. Macroscopically,  there  is  generally  no  difficulty  in  deter- 
mining the  presence  of  dark  labradorite,  lamellar  augite  and  magne- 
tite. In  some  regions  olivine  is  not  only  conspicuously  present,  but 
forms  a  large  percentage  of  the  mass.  The  most  noteworthy  instance 
of  this  kind  is  in  a  knob  on  the  north  side  of  Pigeon  river,  rock  768-9, 
a  few  miles  west  of  the  Grand  Portage.  In  some  regions,  a  red- 
dish feldspar  is  present,  and  this  often  occurs  in  crystalline  grains, 
giving  the  formation  a  porphyritic  character.  This  condition  prevails 
along  the  north  side  of  Loon  lake.  At  the  western  end  of  this  lake, 
the  reddish  feldspar  weathers  white,  and  the  high  cliffs  present  a  bril- 
liant appearance  in  the  sunlight.  In  this  vicinity  much  of  the  iron 
in  the  gabbro  has  undergone  peroxidation,  and  the  surfaces  of  cliffs 
have  a  rusted  appearance,  suggesting  the  approach  to  a  mine  of 
hiomatite.  Red  feldspar  in  smaller  grains  is  met  with  along  the  north 
side  of  Auimike  bay  of  Guuflint  lake,  and  several  other  points. 

Magnetite  is  a  constituent  universally  present.  It  generally  exists 
in  separable  grains  or  crystalline  forms.  Sometimes  however,  it  in- 
creases in  abundance,  and  becomes  a  sort  of  cellular,  hard,  black 
groundmass.  Still  again,  it  usurps  almost  completely  the  place  of 
the  other  minerals,  and  the  gabbro  becomes  essentially  a  solid,  black 
mass  of  mafrnetite.  It  is  seen  in  this  condition  at  one  or  two  points 
on  the  north  side  of  Iron  or  Mayliewlake,  andissaid  to  occur  similarly 
on  Pewabic  and  Tucker  lakes.  This  magnetite,  however,  is  shown- 
by  chemical  analysis  to  be  highly  titaniferous.  For  further  particu- 
lars, the  reader  may  refer  to  §27. 

There  is  little  probability  that  the  flood  of  gabbro  escaped  through 
B  single  fissure.     At  several  points  it  has   been  seen  forming  dikes. 


STATE  OEOLOGIST.  363 

At  Partridge  falls,  on  Pigeon  river,  a  dike  of  gabbro  appears  to  be 
connected  with  the  gabbro  overflow. 

(2)  Diabase,  noryte  and  porphyry.  Proper  eruptive  potphyry  is 
£ound  at  several  places.  The  most  extensive  as  well  as  the  most  char- 
acteristic occurrence  observed  by  me  is  found  south  of  the  western 
«nd  of  Epsilon  lake.  It  appears  first  near  the  point  of  the  lake,  in 
alternation  with  a  noryte-looking  eruptive,  but  is  traced  southward  a 
distance  of  half  a  mile,  where  it  rises  in  a  knob  about  200  feet  above 
the  lake,  which  I  named  Grant's  peak.  It  overlooks  Kekequabic  and 
several  other  lakes,  and  is  a  mile  east  by  north  from  Mailman's  peak. 
The  porphyry  where  first  observed,  has  a  purplish  groundmass,  and 
contains  green  lamellar  crystals.  Near  this,  the  lamellar  crystals  be- 
4iome  fewer,  and  the  base  is  replete  with  green  amygdules  which,  far- 
ther on,  constitute  temporarily  most  of  the  formation,  but  still  with 
flome  whitish  groundmass.  In  this  vicinity,  flowage  lines  are  very 
apparent.  The  great  mass  forming  the  peak  is  a  purplish  amygdaloidal 
porphyry.  The  porphyritic  eruption  appears  to  exist  in  other  smaller 
knobs  rising  in  the  vicinity. 

Near  the  south  end  of  Moose  lake  (the  one  in  T.  64-9  W)  rises  a  bold 
precipitous  knob  of  erupted  matter,  consisting  of  rather  coarse  crys- 
tals and  fragments  of  labradorite  and  augite  without  magnetite  or 
olivine.     This  I  have  provisionally  recorded  as  noryte.     The  gabbro 
^/ready  described  in  places  appears  destitute  of  magnetite,  and  seems 
^   approach  the  condition  of  noryte.     It  is  finer  than  the  well  devel- 
^/>^<1  gabbro,  and  holds  a  place  near  the  bottom  of  the  gabbro  mass. 
^^^wr-  the  latter  reason  it  might  be  presumed  that  magnetite  is  present 
^^  ^  mall  quantity,  and  that  the  rock  is  merely  a  variety  of  gabbro. 

'^-■-"'he  dikes  of  the  country  are  almost  universally  of  diabase,  if  one 

^^^.^'^  decide  on  macroscopic   inspection.     But  they  present  an  endless 

^^^^^rsity  of  conditions.     They  are  rather  fine-grained,  and  sometimes 

a**^*^  ost  aphanitic     Generally  they  occupy  fissures  with  definite  walls. 

^^l*-^^  contiguous  rock  is  sometimes  greatly  altered  in  the  usual  way  but 

^**iy  times  the  alteration,  even  in  argillyte,   is  very    slight.     The 

*^^itude  of  the  dikes  is  almost  always  nearly  vertical;  but  I  saw  one 

^^  the  I Vth  Arm  of  Knife  lake  (rocks  947-52)  dipping  30^  N.  N.  E      I 

"^v-e  not  discovered  any  system  in  the  direction  of  trend.     Occasion- 

^^y,  a  dike  has  seemed  to  be  of  a  dioritic  character.     This  I  noticed 

^'^^at  particularly  on  some  of  the  islands  in  Burntside  lake  (XV  Rep. 

t^  44;. 

The  petrographic  investigation  of  the  eruptive  rocks  of  my  field  is 
*^  important  work,  mostly  remaining  to  be  done. 
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6. — T>tn  rocks.     Most  of  the  rocks  which  I  am  led  to  class  as  reiof 
appear  to  me  to  have  had  a  non -eruptive  origin.    The  majority  of  tben 
are  granulitic  in  mineral  nature,  consisting  of  quartz  and  orthoclasf. 
Often  one  or  the  other  is  deficient  in  quantity.     Frequently  a  small 
percentage  of  mica  is  present;  and  sometimes  the  vein  consists  of  good 
granite.     Veins  of  this  class  are  apt  to  be  tortuous,  and  some  of  them 
are  surprisingly  so.     They  seldom  exceed  four  inches  in  diameter,  and 
generally  are  less.     They  abound  in  the  vicinity  of  the  passage  of 
gneiss  into  the  crystalline  schists.     They  do  not  maintain  a  uniforo 
width  for  any  considerable  distance,  like  the  dikes,  but  rapidly  dimin- 
ish and  disappear.     Unlike  the  dikes  they  exhibit  many  ramificationi. 
In  some  cases,  these  are  so  numerous  as  to  give  the  formation  a  retica* 
lated  structure.     Many  veins  are  filled  with  pure  white  quartz.    The 
larger  ones,  which  attain  a  breadth  of  over  two  feet,  pursue  somewhit 
persistent  courses,  but  they  are  not  much  inclined  to  branch.    Some- 1 
times  quartz  veins  of  slender  diameter  are  seen  intersecting  beds  of  i 
schist  in  many  directions  in  a  reticulating  fashion;  and  sometimes  1/ 
have  traced  a   transition   from   an  earthy  schist  to  a  granulitic  or 
quartzitic  rock  efi^ected  simply  through  the  excessive  abundance  off 
small  interlacing  quartz  veins.     Compare  XV  Rep.«  p.  136. 

Within  my  observations,  veins  of  quartz  carry  few  metallic  com- 
pounds except  pyrites.  In  several  cases,  this  mineral  has  been  ex* 
plored,  and  even  mined,  in  the  belief  that  silver  or  gold  would  be 
found  associated ;  but  all  such  enterprises  are  now  abandoned.  Active 
work  however,  is  carried  on  in  T.  64-3E.,  upon  a  quartz  vein  said  to 
carry  silver,  and  believed  to  havo  been  worked  by  a  prehistoric  race, 
See  further,  §  21  of  this  report. 

§   36. — SYSTEMATIC  RESULTS  OF  THESE   ARCH.IiAN   FIELD-STUDIES. 

1.  Horizons  of  geologic  disconiinuitg.  The  most  recent  formatioii 
embraced  in  the  field  which  I  have  investigated  is  that  above  desig 
nated  the  Animike  series.  This  beyond  question,  represents  till 
characteristic  portion  of  the  Hurouian,  as  defined  by  the  Canadiai 
geologists  from  the  typical  region  north  of  lake  Huron.*     With  eqna 

*  L^udoubtedly,  I  think,  the  Cunadiaii  gefjlogUte  aJso  named  as  Huronian.  rocka  In  other  regiooio 
very  different  character,  and  holding  a  different  poHition  in  the  general  eeriee.  1  ho  only  clrcumitaac 
justirying  the  identitlcation,  apparently,  was  their  saperpositfon  on  beds  of  a  cryataUine  charactflr. 
have  maintaineil  that  the  beds  normally  aobjnceiit  to  the  typical  Huronian  are  tinnply  deflctoDt,  aortl 
of  lake  Ilnron,  but  make  ihrdr  appeorance  upon  the  nhores  oflake  Superior,  where  they  were  mittak 
cnly  parallelized  with  the  Huronian  of  lake  Huron.  Precit<ely  the  same  approximation  of  thaAaiBlk 
aud  gneiss  exists  at  the  west  end  of  Gunflint  lake,  anil  continues  westward  along  the  south  flank  cf  Ik 
Giant's  range.  The  phenomena  horo  and  in  Canada  are  explained  by  the  supposition  of  a  procresiv 
eabeldence  of  the  j;:ranilic  regions  during  the  deposition  of  the  Animike 
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oertainty,  the  Anitnike  does  not  rest  directly  on  crystalline  scbisto  and 
gneisses.  It  rests  on  another,  older-looking  serien  of  schists,  standing 
vertically,  and  presenting  an  enormous  uncouformability;  this 
shows  the  occurrence  of  events  in  the  interrul  between  the  two  series. 
of  sach  transforming  and  revolutionary  character  as  are  generally 
held  to  separate  two  geologic  ages  and  two  systems  of  strata.  The 
petrographic  contrasts  of  the  two  series  have  the  same  significance. 
The  economic  products  are  similarly  contrasted.  The  Animike  series 
embraces  great  beds  of  magnetite;  the  older  series,  great  beds  of 
heematite  and  limonite.  The  members  of  the  Animike  series  are  all 
conformable  in  stratification,  and  appear  to  belong  to  one  age,  with 
its  varying  conditions  of  sedimentary  accumulation. 

If  the  older  looking  schists  below  ore  syslemieally  detached  from 
the  ADimike  by  a  mechanical  break,  they  are  not  less  certainly  de- 
tached from  the  still  older  crystalline  and  foliated  beds  by  a  mineralog- 
ical  break  which  expresses  a  profound  change  in  the  conditions  of 
chemical  activity,  xud  tiius  implies  a  break  in  the  tenor  of  geologic 
history,  nliich  uiust  have  been  also  of  a  revolutionary  character.  It 
Bppears  necessary  to  isolate  the  haimatite-bearing  beds  from  the  crys- 
talline schists  as  well  as  from  the  Animike.  Thus  is  a  stratigraphic 
system  disengaged  aud  delimited  with  the  distinctness  and  certainty, 
which  we  must  for  convenience  designate  by  a  name.  The  term  Ee- 
watin,  which  I  have  provisionally  employed,  was  not  proposed  in  a 
tense  so  restricted,  but  embraced,  with  newer  strata,  the  entire  series 
of  crystalline  schists.  It  is  probable  that  some  one  of  the  numerons 
names  proposed  by  geologists  for  supposed  divisions  of  Archaean  or 
Eozoic  rocks,  may  prove  to  have  the  same  extension  as  is  here  given 
to  the  sj'stem  immediately  subjacent  to  the  Animike  or  Huronian.  It 
is  quite  possible  also,  that  an  older  term  will  be  found,  covering  the 
range  of  strata  embraced  in  the  actual  and  original  Huronian.  In 
this  connection,  I  will  not  attempt  to  decide,  bat  employ  provisionally 
the  term  Huronian  now  so  well  understood.  For  the  subjacent  system 
I  will  employ  also  provisionally,  the  term  Mart/uettian ;  but,  if  another 
name  proves  hereafter  to  be  eqaivalent,  I  hope  the  term  here  suggested 
will  never  be  cited  as  a  synonym;  for  of  synonyms  the  excess  is  al- 
ready burdensome.  As  to  the  known  rocks  older  than  the  Marquettian, 
they  are  united  in  one  division  by  their  common  crystalline  character, 
and  by  their  structural  conformity.  That  real  unbedded  granites  and 
syenites  exist  I  have  no  reason  to  doubt,  but  they  are  not  embraced 
in  the  field  here  reported  on.  Even  when  found,  I  should  feel  led  to 
connect  them  in  geological  history  with  the  gneisses,  and  embrace 
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them  in  the  same  system.  For  this  lowest  and  crystalline  system  the 
term  Laurentian  has  been  employed,  and  I  will  here  use  it — also  pro- 
visionally. 

Undoubtedl}'.  in  the  physical  history  of  the  earth's  crust,  other  and 
older  terranes  have  existed  and  disappeared — or  perhaps  even  still  ex- 
ist; but  they  are  for  the  present  subjects  of  merely  theoretical  study, 
and  of  course,  have  no  place  in  a  report  on  facts  of  observation. 

2.  Succession  and  subordination  of  terranes.  These  views,  presented 
in  their  application  to  Minnesota,  are  summarized  in  the  followinj^ 
table : 

HuRONiAN  System.     (Compare  i2  of  this  report).        Over  4,082  feet, 
Magnetitic  Group.    32  feet. 

Dark,  laminated,  shaly  argillyte,  sometimes  magnetitic,  29  feet. 

Magnetitic  beds,  often  uppermost,  8  feet.  Place  of  sideritic  bed  ? 

Muscovado,  uppermost  when  the  two  above  are  wanting,  4  feet. 
Siliceous  Group.     50  feet. 

Siliceous  argil lytes  and  siliceous  and  jaspery  schists,  50  feet. 
Argillitic  Gmup.     4,000  feet. 

Dark,  laminated,  shaly  argillytes,  over  4,000  feet  in  Minnesota. 

(Bi)ttom  of  the  system  not  reached  at  contacts  seen   with  gneiss 
and  Marquettian). 
MARt^i^'ETTiAN  System.  27,500  feet. 

Ogishke  Group.     10,000  feet,  but  local.     (Perhaps  half  this). 

Ogishke  conglomerate,  slaty  and  diabasic.     4,500  feet  each  side  of 
s^'nclinal. 

Ogishke  dolomyte,  included  in  the  conglomerate.     10  feet. 

Conglomerate  greenrock.     500  feet  each  side  of  synclinal. 
Touer  Group      (Earthy  schists).     15,000  feet. 

Sericitic  and  argillitic  schists,  with  beds  of  hu[>matite,  5,(X)0  feet- 

(These  sometimes  changed  to  chloritic  schists). 

(They  pass  eastward  into  schists  prevailingly  porphyrellitic). 

Stuntz  conglomerate,  porodyte  and  porphyrel,  20  feet. 
Grayirack^  Group.     2,500  feet. 

Graywacke  and  hornfels. 

Gray wacke  with  indications  of  fine  mica  and  hornblende  (''Nas- 
cent mica  schists."; 
Laurentian  System.  89,500  feet. 

Vermilion  Group.     Over  1,500  feet. 

Crystalline  schists — micaceous,  hornblendic,  dioritic,  granulitic. 
Gneissic  Group.     Over  88,000  feet. 

Chlorite  gneiss.     (Not  universally  developed). 
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Saganaga,  White  Iron  and  Basswood  gneisses. 

Thus  the  crystalline  schists  and  gneisses  fall  entirely  within  the 
Lanrentian  system.  There  are  no  Huronian  gneisses  in  Minnesota. 
We  find  nothing  of  "older"  and  "newer"  gneisses.  We  find  no 
"  clay-slates  "  beneath  the  hori/on  of  the  crystalline  schists.  But  I 
cannot  deny  the  existence  of  a  different  state  of  things  in  other  regions. 
To  me  it  seems  probable,  however,  that  a  comparatively  undisturbed 
region,  like  northeastern  Minnesota,  must  approach  near  to  a  normal 
exhibit  of  the  real  succession  of  the  Archfean  rocks. 

^  37.      SOME  TI£WS   ON   PRIUITIVE  GEOLOGIC  EIBTOET. 

In  concluding  my  report  for  1886,  I  recorded  some  statements  indi- 
cating my  tendency,  on  a  provisional  interpretation  of  the  observa- 
tions then  completed,  to  ascribe  a  more  important  agency  to  meta- 
morphism,  in  thehistory  of  Aichiean  rocks,  than  it  had  been  customary 
for  German  students  of  geognosy  and  petrography  to  admit.  I  have 
now  extended  my  field  studies  of  rocks  of  this  age  over  another  Hcnson; 
and  I  confess  I  have  not  discovered  reasons  for  renouncing  the  opin- 
ions heretofore  shadowed  forth.  The  facts  stated  and  illustrated  in 
my  former  report  still  exist;  and  many  more  facts  of  the  same  tenor 
have  been  noted  during  the  season  of  18ST.  While  I  cannot  appro- 
priately  enlarge,  in  this  place,  upon  the  bearing  of  these  facts,  I  de- 
sire to  emphasize  the  conviction  that  nearly  all  the  bedded  terranes  of 
northeastern  Minnesota  have  been  once  marine  sediments;  and  have 
reached  their  present  conditions  through  the  action  of  molecular,  and 
to  sonic  extent,  mechanical  forces,  in  the  presence  of  heat,  water  and 
natural  re-agents. 

As  to  the  eruptive  origin  of  the  hiematites  and  associated  jaspilytes, 
the  evidences  of  it  are  so  slender  that  the  doctrine  would  only  excite 
my  wonder,  if  it  were  not  held  by  a  few  geologists  of  good  reputation. 
The  difEculties  of  that  view  are  many,  but  ]  must  embrace  another 
occHsion  to  set  them  forth.  As  to  the  eruptive  nature  of  certain 
chloritic  and  sericitic  schists,  I  have  already  said  enough  to  give  ex- 
pression to  my  present  dissent.  But  I  wish  to  be  understood  as  hold- 
ing the  question  open  for  further  evidence.  The  gabbros,  iiorytes, 
diabases  and  dolerytes  I  freely  itdmit  to  have  reached  the  surface  in  a 
state  probably  molten.  The  crj-stslline  schists  appear  to  nie  to  have 
been  original  sediments  which  have  been  partly  decomposed  and  fixed 
in  new  combinations  while  in  a  semi-plastic  state  occasioned  by  heat 
nd  alkaline  waters.     In  the  gneisses,  the  same  class  of  changes  ap- 
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pears  to  me  to  have  been  carried  further.     Even  here,  the  impress  o 
original  stratification  is  retained.     I  have  no  reason  to  doubt,  how 
ever,  that  terranes  exist  in  which  these  changes  ha\e  proceeded  so  far 
as  to  obliterate  all  traces  of  original   stratification.     Such  a   result 
would  require  the  attainment  of  a  condition  of  semi-fluidity  such  that 
pressure — of   steam,    ^ases  or    crustal    movements — would   readily 
squeeze  the  product  into  fissures  through  the  less  softened  strata,  or 
into  spaces  between  them.     Thus  would   result   the   phenomena   of 
granitic  veins  without  the  necessity  of  postulating  a  deep   molten, 
source  for  any  of  the  older  granites. 

T  repeat  the  conviction  heretofore  expressed,  that  probably  none  of^ 
our  granites,  viewed  as  changed  sediments,  represent  the  oldest  sedi- 
mentation on  the  globe.  It  is  puerile  to  imagine  that  the  histor}'  of 
the  world  has  not  been  long  enough,  and  its  early  epochs  revolutionary 
enough  to  have  transformed  and  blotted  from  recognition  the  earliest 
deposits  of  the  ocean.  More  puerile  is  the  fancy  that  in  the  wide- 
spread areas  of  granite  and  gneiss  nature  has  preserved  patches  of  the 
original  fire-formed  crust  of  the  planet.  Equally  inadequate^  it  seems 
to  me,  is  the  opinion  that  these  granitic  patches  are  cooled  outbursts 
from  a  molten  interior,  through  a  crust  either  sedimentary  or  igneous 
in  origin.  Such  views  belong  to  the  infancy  of  the  science,  and  sur- 
vive only  in  conservative  minds  A  present  crystalline  condition  is  a 
fact  which  bears  on  the  mineralogical  relations  of  a  rock,  but  of  itself 
sheds  no  light  on  rock-histories.  It  testifies  to  a  present  fact,  not  to 
a  past  genesis.  Of  the  latter  a  wider  range  of  evidence  must  speak. 
The  revelations  of  the  polarized  ray  are  almost  a  work  of  magic,  bat 
there  is  danger  of  over-estimating  their  significance.  Petrofl:raphic 
studies  possess  too  much  interest  and  value  to  be  weighted  with  the 
responsibility  of  sanctioning  theories  of  general  geogony  which  de- 
mand the  widest  possible  ran^e  of  investigation,  under  the  guidance 
of  broad  and  many-sided  intelligence. 

Mem. — In  conneclion  with  the  conglomerate  al  Wonder  island,  in  the  Saganaga 
gneiss,  see  descriptions  of  the  Obcrmittweida  conglomerate  described  by  various 
authors,  especially  by  Professors  Hughes  acd  Bonncy  in  Quarterly  Journal  of  th$ 
Geological  Society  for  Feb.  1,  1888,  pp.  20I3I,  and  the  further  citations  there  given. 
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UB  OF  EOCKS  WITH  COBBESPONDrNG  LOCALI- 
TIES. 


[Localittet  are  given  more  precisely  in  the  report.] 


I  I 


BKIEr  DEBCllIPTIUN. 


fke  slats.... 

:keH]ate,  tblck 

ckealate,  thio 

ic  gray  wacke  slate 

riiically  quartzose  porodyte.. 

:scbiat 

:  schist  w.  quartz  grains 

reins  in  f^ywacke  scliist 

'stam  of  diftes  (BO-ca)]ed)  ... 
eteni  of  dikes  (so-called).... 

eiso-ciillert) 

ic  felsyte . . . . 

ritlcallr  quartzose  porodvte.. 

te  (so-called] 

igitic  sch.  w.  Tele  and  q 

t  Kray wacke 

sclilst 

c  aericitic  schist 

;  acbist  with  rusty  blotches  . . 

>i>e  porphyry. 

porphvry  . ' 

.  hluish,  nne  compact. 

lyle-Uke 

c  sch.  very  irregular 

porphyry  .   

eke,  compact. 

tifEmalite 


icke,  massive,  metallic 

asper  schist 

ic  achial,  dark  

icke,  epidotic  w.  heuUnrtlte.. 

icke,  ferrugitioua 

G  schist,  compact 

ic  sericlKc  schist 


■■I  "M 


S6    Mud  creek  aod  lake!  S( 


'2S  .Armstrong  river  . 


:2  62  14 

:a  62 14 

:4  621m 

14  ea|i4 
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BRIEF  DBBCRIPTION. 


Chlorii.  ler.  Bcli.,  compnct 

Chlorit  ser.  Mb 

tier.  Bi>h.  ]&Hp«rjr,  ferruginous  . . 

rier.  or  damourile  schist 

CMor.Ber  ach.  wjlh  q,  and  f .. , 
der.  scb  sijfl  portion  .  ,.., 
Pelrosilcz  and-felsyte,  l>edded... 

^r.  Hcb.,  xra aula r,  compact 

Qiiartzliic  ser.  Bill.,  thick-bed  .. 

'"  '  ir.  ser.  sch.  w.  pyrites 

scb.,  thin  latnlnated 

Quartz  vein,  ferruginous 

I'yrite!)  ID  quartz 

Epidottc  grajwacke  neb 

Epidote  frystalEzing      

(Jliloriilc  sell.,  hesTy- bed 

Chlorilic  sch.  forming  vein 

LalmidoriEe?  cLieflj'. 

Ferrueinous  jasper 

Quurlz  porpbyry 

((raywBcliemica  Bchlst... , 

Gmnito  vein .. 

lira]  wacke  mica  scblat 

MicH  Bcb.,  floe,  compact 

HimicblBt 

Mitn  HcUst 

Argillitio  mica  schiat 

Mien  schist 

Hornblende  BCli.,  massive 

Dike  in  liornbleude  sch 

Hydrom:ca  granite 

scb.  in  granite 

Dii.r  ■  - 


Dikemaller 

Con^paci  dioritic  sch    

II vdromca  schist 

Qmywackc 

Hj'iirdmwD  BchiBt 

HbrouB  hydrom  sch.  In  dike. . 

SeririticBcli.,  greenish 

FEb'.;  Jjoryle* 


Ser.  ^(;li.  pti  pbvril,  w.  b 

ArBillvli.-  

:ieriolfl«schsl 

(Jbluritic  argillyic 

Ser  Mh  ,  Bmoo'ib,  leatlicr  colored. . 

3er  Bch.,  linely  iiioliled  

Ugillyte 

Cbbrillc  graywacke 

|,\rgil!yte 

kiraywacke 

lOray  wackft 

lOraywackc. 


Creek  to  BurnUide  Lj 
Burntsidelake....!  I 


t>2  'BurntBide  ri 

52 

.'i2  !Loiig  take  . 
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BKIEF  DESCRIPTION. 


W   Oblor.  Kriciticscliist 

ST  'Sericitic  BChUl 

9S  iSeridtic  scblBt 

I!l  Chlnniic  irmywucke,  w.  red  m. . 

ItO  Quartz 

IDl  iBericlilc  inicu  achist 

103  iHicaccou   Iiornblende  Bcb 

103    Hornblendlc  maKnetlc  Bch 

1036|Nuccnt  mica  schlBt 

IM   Granulyte  vein 

IDS  ilikitUtMen    6      

108  ^Sjenitew   rragmeolaof  li  Bcb.. 

l"?   Sjenitic  gneiss 

lOe   Syenite  with  vein 

109  Syenite,  much  red  orthocl 

110  MuBGOTite  scbisl 

111  |MiiBCovIie8chi*t 

112  |8renite  w  gUMy  feldspar 

113  Hornblcndic?  (augitict)  mic.  ick 

lU  :A.u)rili!orcbturite  mctl 

lis  ;syenlte  w.  glassy  feldspar 

116  lAusiie  roclc 

117  iKed  ayenilc  w.  vein  of  syenite. . 

118  ,&veniie Kn«Bs 

lli)  inuscovit.  hornb.  sell  andsyen.. 

180  jSyenite 

151  ilflotitic  quartz  dlal>ase 

152  iBiolitic diabase  w.  orthDcl..  — 

123  'iliotitic  syenite 

134    Peltilic  and  earthy  rock 

125  felHiticand  eartby  rock... 

126  'Itiedceous  graywacke  schisl 

127  IFelsiliclioniblendic^ch 

ISB  iSeridtlc  siliceous  scbist  

13»  'Hicaschisl    

130  :Diab»9e  from  dike 

131  forphyhlic  syenite 

132  |Blnck  mineral 

133  Purphjniio  mica  schist 

m  iUydromica  schist 

139  jPorphyry  (porphyrelT) 

138    Banded  jospilyte 

187  ;Be«iron  ore 

13B   Chlorite  Tock 

1S9  iSericitic  schist,  black  cryst 

]«)  'Felsitlc  schist 

141  i^riciiic  Bcbist 

142  ISericitic  schist,  greenish  grains.. 

143  ISericitic  schist 

144  Sericitic  argillyle 

145  jHericlllc  argillyte  

146  ISericilic  schist 

147  ikricilic  sclilst 

14S  iSericltlc  pseudo- conglomerate.  . 

149  [ttericltic  scblst,  cbloritic  spots.   . 


Page 

fo  ( 


White  Iron  lake. . 


.  2f'yii 

.  2863  11 
.  29  63:11 
.'a7|S3  11 


.'326311 
.'32  63;  11 
.'32  63!  11 
.'3263111 
.13263  11 
.'3263!ll 

3l63|n 

3l63:il 

316:ru 

6  62.11 

■  6li8n 

'  Ie2|12 

12  62:12 

12  62:12 

12  62|12 

12  62112 

'26|k2!12 

12  62112 

iai!2!l3 

G|6i  11 

6!6:illl 

(Aaln 


:  Garden  lake ,20  b; 


)  I 

i  'Garden  lake 

H  INeer  Garden  lake.... 


14  6H  11 

11  lii'n 

lOlKi^ll 

:0  6^ii 

,7  6a|ii 
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BRIEF  DE8CHIPTI0N. 


CO 

00 


I      ^ 
'     9 


REGION. 


I 


a: 


Sericitic  schist,  yellowish 
Sericitic  schist,  blue 


ir.o 

151 

1516  Sericitic  chloritic  sch^t 

152  Chloritic  schist 

153  j  Petrosilex 

154  Wackenitic  chlorite  schist 

155  I Augite  (chiefly) ....... 

156  I  Riotite  t^mnite 

157  '  Mydromica  granite 

158  INorvle 

15S»  , Granite 

160  :[nterbcdded  granite  and  dioryte. 

161 " 

162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
1»0 
181 
182 
183 
184 
185 
186 
187 


Bedded  dioryte 

Micaceous  hornblende  schist 

DiallageT 

Granite  with  green  feldspar 

Mixture  of  biotite  and  augite 

Oiallagic  biotite  schist 

Biotite  hornblende  schist 

Dioryte 

Musses  of  hornblende    

Mic.  sch  and  granulyte  interbedded 

Dioryte  schist 

Large  crystals  of  orthoclase .....   

Cfjarse  Muscovite  gneiss 

Compict  sericitic  schist 

Sericitic  chloritic  argillyte   

Siliceous  sericitic  argillyte 

Doleryte , 

A  mygdaloid 

Porphyritic  granulyte 

Pine  mica  schist 

Bom  blende  schist 

Syenite— two  varieties 

Gray wuckenitic  nuca  schist 

Mica  sch.  passing  to  gneiss 

Mica  sch.  w.  colored  bands 

Syenite , 

S3'enite  w.  crystallized  hornbl.  (see  cor 
rections  and  additions) 

188  Svenlte 

189  [tornblendo  crhi^t 

190  Transition  Iroiu  isyenile  to  schists I 

191  Argillyte 

192  Argillitic  sericitic  schist ' 

193  Sericitic  argillyte I 

194  Argillitic  sericitic  schist 

195  G  ray  wacke  schist i 

196  Chloritic  sericit ic  schist 

197  I)i:iV>asc  from  dike I 

198  ISer.  sch.  from  contact  w.  dike ' 

199  I'Sericilic  slate 

200  Diabase 

201  lArgillvte I 

202  ChloTi'tic  sericitic  schist I 


Page 
66 
66 
66 
56 
56 
57 
57 
45 
45 
45 
46 
46 
46 
46 
47 
48 
49 
49 
50 
50 
50 
50 
51 
51 
51 
94 
94 
94 
94 
94 
95 
95 
95 
97 
98 
98 
98 
99 

99 
99 
99 
100 
120 
121 
121 
122 
122 
122 
123 
123 
123 
123 
123 
124 


Pall  lake. 


iliODg  lake 


c. 


(i 
<< 


Burntaidc  lake 


I 


It 

ti 
(t 
<i 
•< 
i< 
•I 
i< 
<< 
ti 
It 
If 
.1 
It 
II 
II 


Saturday  lake. 


It 


Urn  lake 


II 


Portage  — 

BaMw'd  (Bawi-mcnan)  L 
«• 


It 
II 
II 
II 

<i 

<i 

II 
It 

CI 


2 
1 

I 
1 

1 1 
1 1 
{l 

Is 

is 


13 


Carp  lake 

Newfound  lake 


14 
It 


It 


B 


Moose  lake 

It 


•1) 


II 
II 
II 
II 
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BKIEP  DESCRIPTION. 


:te  w  greeDJih  horabi 

compa.l  gneiss 

compact  gneiss 

bedded  gDclas  and  hornb).  sch . . 

iFHckenllic  mlc»  sell 

iT&ckeQilii:  mica  sell 

schist    

ile    

coarse  lyenite 

irackeiiitlc  clilor.  seta 

schist,  very  fine 

trftcke  BCbid 

,'te  Bclilst 

ilic  hornblendic  BChist 

lie  scbiit 

iticscbist 

iticscbiel 

pact  arg  ill  Uic  schist 

,  lamiDsted  argil1;te 

Ilitlc  sericltic  schist 

'title  sericitic  schist 

itfc  sebist 

il  (porodiiic! 


.efe)aili 


■itic  sericitlc  schist 

1  ID  conlsct  with  dike 

rte  Id  the  nbove  Hcliiflt  

ile  in  scbiht  G65 

rltic  sencillo  schist 

:ioD  or  qusrtz  and  schist 

ri tic  sericltic  schist  w.  q ,  grains. . 

Iljte  nnil  qiinrt/, 

iticargiJIyte 

lyte 

ilic  Hch.  and  lamina  of  <) 

ted  sch.  w,  [J.  laminic 

•ch,  w.  c|.  and  fels.  grains 

liyte  w.  i|.  grains 

tic  argill^te 

ell;  sericltic  sclilst 

aaefrom  d  ke 

:Kiind  blri(?k  arglllyte 

tt-ie  from  diku       

lyte,  fine,  dark 

materia]  (peculiar) 

rite  rock 

.nitic,  siliceous  scricil.  scii 

.nitic  sericltic,  schist 

ilic  schist 


::       ;:;:: 

Ensi 

D  \ake"... '.'.'.'.'. 

".'.'.'.'.'.'. 

Muck 

Oup 
New 

Inke 

too  lake 

9,64'  S- 
9|e4  8 
»|64,  S 
WM  B 
!).64|  8 
9'64  8 
8:64!  » 


10  64  I 
1064  I 
1064    I 


;34,64  I 
34  641 
'34  64  I 

34  641. 
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BRIEF  DESCRIPTION. 


CO 
CO 


c 


Reinon. 


2o6 
267 
258 
25» 
260 
261 
262 
263 
264 
265 
266 
3«7 
368 
269 
27i» 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
2S8 
289 
290 
291 
292 
293 
294 
29r. 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
30(> 
307 
30ft 
309 
310 


Sericitic  sch.  w.  shiniDg  scales 

.V ascent  mica  schist 

S^'enitic  gneiss 

Syenitic  gneiss 

Gray wacke  schist 

Ma^ma  of  gneiss 

Uock  261  in  contar^t  w.  gneiss 

Micaceous  hornl)lende  schist 

Micaceous  hornblende  schist 

Uralitic  syenite 

Chlorite  granite 

Mcnaccanitic  hornblende  sch  

Chlorite  schist  

(*hlorite  gneiss 

Syenite  gneiss  with  chlorite 

Chlorite  schist 

Chloro-syenitic  gneiss 

Mica-hornblende  schist 

QraveUy  chlorite  rock 

Mica  schist 

Dioryte.  (also  rock  524,  Rep.  1887,  p.l96) 

Menaccanitic  schist 

Muscovite  granite  (silvery  m.) 

Dioryte  (lamellar  hornbl. ) 

Dioryte  schist 

Dioryte  schist 

Biotite  schist 

jBiotile  gneiss 

'  Decaying  gneiss 

Biotile  gneiss 

i  Red  biotite  gneiss 

I  Biotite  gneiss 

i  Biotite  muscovite  schist 

Distinctly  bedded  gneiss 

(Quartz,  fcldsp;ir  and  mica 

Muscovite  chlorite  gneiss  

Chloritic  serici  tic  schist 

:  Diabiise  from  dike 

(.'hloritic  sericitic  schist     

iNoryte    

Transilionjil  doubtful  rock   

■Transitional  rock 

iGabbro,  tine  

Kine-gniined  gabbro   

.  Formative  gabbro     

jGjibbro 

jChloritic  gneiss  

Compact  chloritic  gneiss  ...     

(JompMct  chloritic  gneiss 

Chloritic  porphyrel 

Argillilic  sbtte. ' 

Conglomerate 

'  l*orpbyritic  diabase  schist 

I  Porphyntic  diabase 

,  Dark  siliceous  shite 


Pnge. 
103 
103 
104 
104 
104 
104 
1(»4 
104 
105 
105 
106 
106 
106 
106 
107 
107 
107 
107 
107 
108 
108 
109 
114 
115 
117 
117 
117 
117 
118 
118 
118 
119 
119 
119 
119 
119 
60 
60 
110 
145 
145 
145 
146 
146 
146 
146 
149 
149 
149 

ir.o 

150 

ir^O 

151 
151 
151 


Newton  lake, 


ti 


Pipestone  falls. 
<< 


It 


Basswood   (or   Bassi- 
mcnan)  L 


It 
<i 
ii 
( < 

(C 

It 
<l 
II 
tt 
(t 
II 


Crooked  lake. 


II 
It 
<t 
II 
It 
It 
f  • 


iJ 


Iron  lake ( 

It 

!!!!!!'!!"  :< 

i< 

( 

*•     ( 

Fall  lake 1 

.] 

Basswood  or  Bawi-menan  L.S 

Ima  lake 1 

] 


(t 

ti 


Thomas  lake 


41 
tt 
t( 


Kekequabic  lake 


it 
ti 
If 
It 
If 
II 
ft 
ti 
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■colored  ilftle,  softer  

-rock  ftcroBS  sUie 

.  hard,  bluijh  alale 

Ilyte 

lIlJTBl 

'Vry 

glomerate 

ih);rilic  coDKlomeniB 

aaic  eroundmuM  of  cong) 

!,  mbaceoua  itrgiMyle 

i  and  grjiDular  rock. 

wiltpebHes 

rioinerale  ill  dellDcd 

k  •illceout  argltlyte  (Me  correctloos 

dadditlonSf  

taiic  grouadmasi 

)  And  groundiaaas- 

!0,  dial>a«ic  groiiodmass 

laaic  ground  mass 

citio  Khist 

citic  cbloritic  whiat 

clUc,  ]at  gradatioQ      

citIc,  3d  gradation  .   

ciiic,  3d  gradation  

phjrltic  BchUt 

ED  rock,  from  aummit 

phyriiic  rock 

pUve  rock 

phyriiic,  but  Kravolly 

eoBtone  cODglomeraie 

■phyry  pebblo 

pbyritic  matrix 

Telly  matrix    .  

«DatoDt:  (llk«  342)  columnar 

ipted  rock 

oiy  ulate 

ywacke-llke.    . 

woTado-gabbroT 

jwacke-llke 

ssive  graywacke 

MceouB  giibbrolytet 

Ibrolyte   '.. 

id  of  iroD-bearlDt{  rock 

priticl  rock 

P>'.V";I 

pliyrol..  

ywacke-like 


.    Kekeqiiabic  lake.. 

'  Ogiahke  Huncie  lake  SB  fli 


1  "  122S5  f 

138  85  ( 

i  "  i3US  K 

'  I  "  laes  I 

I  ■  "  '22  «5  t 

!   Oabimichijjamft  lHke.|iJlBS  t 

•  "  I35  BS  < 


...!30-e.'i.  ( 
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3(U 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
37f. 
376 
377 
37s 
37H 
380 
381 
382 


o 
o 


383 
384 
385 

3b6 
3*^7 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
39i> 
399 
403 
401 
4C2 
403 
404 
405 
406 
407 
408 
409 
410 


BRIKF  DESCRIPTION. 


GO 

ao 


C 


REGION. 


I 


Chlorite  schist 

Porphy  rel  ....•••• 

Green  n>ck 

Chloritic  conf^lomeratc 

Green,  conglomcritic  sch . . . . 
Green,  conglomeritic  sch . . . 
Fine,  reddisti,  granulitic  sch. 

Granulitic  sctiist  

Gabhroloid  rock 

Gabbroloid  

Gneissic  rock  

Chloritii*  gneiss 

Suhgranuliir  felsyte 

Felsitic  schist. . .'. 

Porphyritic  gneiss  

Grcen-rock  ami  granulitic. . 

Chlorite  gneiss 

Porphyref 

Porphyrel 


Page. 
153 
153 
153 
154 
154 
154 
155 
155 
155 
155 
155 
155 
156 
149 
149 
149 


l.«>0 


Kekequabic  lake 


i< 
ii 
II 
II 
•t 
.< 
i( 
I  i 
II 
II 
II 
II 
i« 
II 

CI 

II 
II 


•  •  • 

•  t  • 

•  ■  • 

•  •  • 


•  •  • 

•  ■  . 

•  •  • 


I  I 
31 '65 
36!65! 
36,6 


36166 


34 
34 


65 
65; 


3  64 

3|64 
464 


3 
3 
2 


64 
64 
64 
8164 
364 
864 
864 


2 

86 
36 


64 
65 
65 


6 
7 
7 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 

p» 
i 

7 

7 

p» 
i 


HUIEK  DESCRIPTION. 


CD 


REGION. 


Fine  red  iiuartzyte  (Port  Finley) 

Diabase  

:  diabase 

Diabase 


I 


Page. 
145 
145 
146 


Quartx  from  copper  vein 
Limestone *.... 


Port  Finley,  Canada. 
Bruce  mines,  Canada 


Diabase  slate,  tine 

Same  with  chloritic  lustre. 
Diabase,  avenige  condition..., 
Diabase  slate,  chloritic,  etc     . 

Quasi-amygdaloid 

Diabasic  slate  w.  aiuygdules 

Grav  quartzy te 

Darlk  gray  (fuartzyte. . . . 

Slate  in  quart zyte 

Diabase  in  dike 

Red  quartzy  te 

Diabase     , 

Suartzyte , 
iabase 

Diabase  , 

(fuartzyte 

(fuartzyte,  greenish,  fine 

Quarlzyte,  red,  conglomeritic 

Diabase 

Quartzy  te,  red 
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895  Fclsitic  grit , 

89e  Gritty  argiUyle , 

697  Uiab&se  conglomurslc , 

898  Sericilo  argilhict'oua  bIhIu 

889  Argiilo-feUitlc  grounilmasa  . . . , 

9041  ti^piieroldikl  cimcretions 

HOI  C-onglomeralB 

902  i'orpliytel 

903  Matrix  showing  hcdilinK  linen.. 

904  PorpUvrilically  quartzoso  coogl 

Argillyte 

Kine  gritty  con glimi crate 

sin    Liraj'WHcke 

nOB   Graywacke 

9<iH    Grt;r^itcl'('  or  grDun()itiA>ui 

910  Arpillyte  w.  cryg.  of  ftlJs 

911  iCiimpact  argiilfte 

iH2  lirgiJyle 

913  jHlaiy  argillyte 

Conglomerate... 

I'urpliyrelloirf  con rIui iterate 

Con  glomerate  (Ogialike) 

GrouDdmaseof  co[iglum 

Banileij  srgilly  te 

Kandinl  nnrillylc 

Kcwntin  slate 

Animlkc  alutc 

dcliiatosity  and  bedding 
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Sedlmeiilary  and  scliiEtic  atmc. . . . 

Two  Btru(turcs  I'Onformatilc 

PortMlilicpotpiivrclloid  alate 

Noryte? 

Niirytc  and  (wrpbyry  in  cont 

Fragment  of  porpliyry  in  norj-tc. . . 

I'lirple  porpliyry. 

Forpliyritic  g're'enalone 

Kcwalin,  allowing  two  atruoturos. . 

Amysilaloiil  porpliyry 

Vnrielica  of  purple  porphyry 

Kewatin  argillj-te 

Finely  porpliyritic  schist   

Purphyrelloid  rock 


I    Town  Line  lalce  . 


•  UgiBhke  Muncie  lake pt  6S    i 
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BRIE?  DESCRIPTION. 


•   ^  Pulpit  rock"  noryle 

C^ray  felsitic  slate      

Wi  aaterlupinated  «rgillyle 

C^S-ray  (clMtlc  n>ck 

K9«nded  RTsillrte 

^■unt/  (^mj:limcrate 

sailiceous  ArKillylP  (Animiket). . 

Sa*Ulit7.  conglomerate  

K^Mbaw  from  dike  . 


2U0  iKnitc  Inbe.. 


>rphrel  with  fragmenli. 


tDi&baee  from  dike.. 

\t*l  ate  in  ctintact 

jGJeoeril  character  of  alal* • 

Vn  ne,  hard,  ilinlwae-looking 

;  ICongbmeritiC  or  lirccdatMl 

llChlorileargillyte 

t  \PoTphjrellyto ■ 

&  ralaty  porpnyrellyle 

'6  lailiceouaporphyrellyie 

il  Porphvrellyte 

SB   Conulomerllio  porpliyrel 

69  Porphyrellyio 

60  aabliro  with  magnetile 

"1   P'linly  porphyrenylc,  contact .... 

M   Murnctitic  i!al)hro,  conlnct 

M  CS«Tl,rr)      . 

^   Oray  Bemi-crystalline  slate 

Average  gabbro 

•"-■■        liltc     

2  galihro 

.  ..  white  felda[iar 

QaiilirofnunN.  liliiff 

Qahbrn  w.  much  iilivine 

SSilkeoiisHchist 

Oabhro  

A.rgillylG  becoming  mica sclimt.. 

tawaaacliong  argillyle 

f*«rphyrel 

AficaceouB  green  rock 

S«rlGittc  Khiat 

C^uarlKilic  argillyte 

MagnetilicsiiiceouB  slate   

I  Handed  i[uarl7.j'lc 

llMicanch  and  magnetit.  quart/,  . 
^Mlca  and  cliloritic  achlat 

•  lUomblende  sch.  w.  abuve 

*  iPorpliyreliitic  schist 

'^  IMicacefini  schist 

^  iCrtimhliDg  Bcriciiic  bcL 

Wlftne  banded  quarlryle 

WjQntpbite,  near  Tower 


.'16  65  I 

.'l6'(S5  < 

'1685  I 

.  IGJHS  I 

..lUGS  I 

.1669  I 

.'16:65  I 

.17:69  I 

.  12  65  ! 


II  6S:  7 

I163j  7 

1165'  7 

II  Wj  7 

lies'  7 

I]  ti9  7 


'  Canadian  Lake.. 
Pseudo  mesaerL.  [  «  . 


3.11 

311 

•9  6311 

19(1311 

.  i!)(i3ill 

.29  6311 

18  6311 

,J8  8311 

r  Tower 
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APPENDIX  II. 

Caffiloijnc  of  Idkc^  ami  jMn'tafffs  ahntj  fhr  nalional  boinnlnrff. 


Lake  Superior. 

1*    Grand  ForUge. 

8  miles.    XVI  Report,  p.  291 

PlClEON   KlVBK. 

2.     Partridge  Portage. 

.25  mile.     XVI  Kcport,  p.  289. 

PlOKON   IllYBIl. 

t{.    English  Portage. 

.33  mile.    XVI  Ueport,  p  289. 

PlOBON  KlVEU. 

4.     Portage. 

.fi  mile.     XVI  Hei)ort,  p.  28y. 

PlOEON   UlVBU. 

5*     Long  Portage. 

IJ)  miles.    XVI  Report,  p.  387. 

South  Fowl  Lake. 

(No  iKJrUige.) 

• 

North  Fowl  Lakk. 
O.     Portage. 

.75  mile.     XVI  Report,  p  282. 

MoosB  Lake. 

7.    Portage. 

.00  mile.     XVI  Report,  p.  281. 


South  Fowl  Lake  (Treaty). 

Lac  de  Coq  (Norwood). 

North  Fowl  Lake  (Treaty). 
Lac  de  Coq  (Norwood). 


PioEOiT  River. 

8.    Portage. 


S 


.  (  Lower  Lily  Lake  (Norwood). 


.25  mile.    XVI  Report,  p.  281.     ii  \ 

Pigeon  River.  *^  \ 

O.    Portage. 

.25  mile.    XVI  Report,  p.  281. 

Mountain  Lake. 

10.  Divide  Portage.  i 

.33  mile.    XVI  Report,  p.  281.     ; 

Rove  Lake.— East  part. 

(No  portage.) 

Rove  Lake.— West  part. 

11.  Portjipe. 

15  miles.    XVI  Report,  p.  276. 

i 

Rose  Lake.  ! 

la.    Rat  Portage.  ! 

.25  mile.    XVI  Report,  p,  274.     i 


Upper  Lily  Lake  (Norwood). 


UiU  Ijike  (Norwood). 


^yaiab  Lake  (Norwood). 


u  C 


Several  small  ponds  connected 
hi/  narrows'^  (Norwood). 

Mufl  Dtke  (Norwood  and  N. 
II.  Winchell). 
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Ccdalogue  of  lakes  and  portages  along  the  national  boundary. 


BOUHDABT   RlYBR. 

36.  (No.  6  rapids),  Portage. 

.36  mile.    XV  Report,  p.  114. 

BOUKDABT  RiYBB. 

37.  (No.  7  rapids),  Portage. 

.15  mile.    XV  Report,  p.  114. 

B0UNt>ART   lilYBB. 

38*    (No.  8  rapids),  Portage.  - 

Crooked  Lakb. 

39.    (No.  9  rapids),  PorUge. 

.15  mile.    XV  Report,  p.  118. 

Iron  Lakb. 


■ 
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REPORT    OF    OBSERVATIONS    MADE    DURING    THE 

SUMMER  OF  1887. 

By  IIouace   V.  "WiNcnELL. 


lietjion  traversed.  During  the  months  of  July  and  August,  an  ex- 
ploration covering  a  wide  extent  of  territory  was  carried  on.  The 
writer,  together  with  Mr.  H.  W.  Fairbanks,  of  the  University  of 
Michigan,  Mr.  W.  F.  Trussell,  of  the  University  of  Minnesota,  and 
two  Indian  canoe-men,  started  from  Tower,  on  Vermilion  lake,  with 
two  birch-bark  canoes  and  the  necessary  equipment  for  such  a  trip. 
The  route,  as  here  described,  can  be  traced  on  the  accompanying  map. 

The  Little  Fork  river  was  reached  by  a  four  and  a  half  mile  portage 
from  Vermilion  lake.  Eight  days  were  spent  in  descending  that 
stream  to  Rainy  Lake  river.  No  settlers  were  seen  and  not  a  travel- 
ler whether  Indian  or  white  man  in  that  space  of  time. 

We  then  ascended  this  large  river,  which  forms  the  boundary  line 
between  the  United  States  and  Canada,  as  far  as  Fort  Francis,  which 
is  situated  at  Chaudiere  falls  at  the  west  end  of  Rainy  lake.  Our 
course  for  the  next  two  weeks  was  along  the  south  shore  of  Rainy  lake 
through  Black  bay  and  into  Namekan  or  Sturgeon  lake  by  a  portage  of 
three-quarters  of  a  mile;  through  Namekan  lake  to  the  east  end,  and 
south  to  Sand  Points  lake,  through  which  Vermilion  river  runs  before 
reaching  Namekan  and  Rainy  lakes,  then  north-west  into  Rainy  lake 
again  and  back  to  Fort  Francis  along  the  south  shore  of  the  lake.  It 
may  be  remarked  that  the  water  in  all  of  the  lakes  and  streams  trav- 
ersed during  July  and  the  first  half  of  August  was  unusually  high.  It 
rained  almost  every  day  and  sometimes  continuously  for  a  period  of  24 
hours  while  we  were  there.  The  Indians  and  white  settlers  along 
Rainy  lake  and  Rainy  Lake  river  said  that  it  had  been  many  years 
since  they  had  known  the  water  to  be  so  high.  This  was  unfortunate 
for  geological  investigation;  as  the  outcrops  were  fewer  and  the  ex- 
posure far  less  extensive  than  at  times  of  low  water. 

From  Fort  Francis,  Rainy  Lake  river  was  descended  to  the  Big  Fork 
river.     Ascending  this  rapid  stream  by  dint  of  hard  paddling,  poling 
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and  portaging,  about  150  miles  south  and  southwest,  a  portage  of 
three-quarters  of  a  mile  took  us  across  the  divide  between  waters  flow- 
ing north  and  south.  This  portage  leads  from  Round  lake  into  a 
small  lake  just  south  of  it  which  is  tributary  to  lake  Winibigoshish 
and  the  Mississippi  river.  We  next  went  down  the  Mississippi  to 
Prairie  river,  making  a  stop  at  Pokegama  lake  to  examine  the  hills  at 
the  south  end,  then  up  Prairie  river  and  into  the  country  which  it 
drains,  and  finally  down  the  Mississippi  to  Aikin  on  the  Northern  Pa- 
cific railroad.  The  month  of  September  was  spent  in  examining 
Elbow,  Pelican,  Net  and  Trout  lakes.  In  this  work  the  party  con- 
sisted of  W.  F.  Trussell,  Frank  Sopher  a  man  who  was  acquainted 
with  the  region,  and  the  writer.  Some  time  was  lost  on  account  of 
high  winds  which  rendered  it  impracticable  to  travel  in  a  canoe. 

Naturally  the  character  of  the  country  varies  greatly  m  different 
regions.  In  the  vicinity  of  Kainy,  Namekan,  Net,  Pelican  and  Trout 
lakes  it  is  very  rocky,  and  all  around  the  shores  are  numerous  rock 
exposures;  while  west  of  these  lakes  the  surface  of  the  country  con- 
sists of  drift  deposits  and  the  underlying  rock  appears  only  at  rapids 
or  waterfalls  in  the  streams  and  a  few  places  in  the  midst  of  the  for- 
est. A  large  area  of  the  land  traversed  by  the  Big  Fork  and  Little 
Fork  rivers  is  within  the  limits  of  the  glacial  lake  Agassiz.  This  re- 
gion is  now  covered  with  a  fine  growth  of  timber,  both  hard  and  soft 
wood,  and  is  excellent  farming  land.  It  is  slightly  rolling  or  else  flat 
and  well  watered  by  these  large  rivers  and  their  numerous  tributaries. 
Much  of  the  pine  that  stood  within  a  few  years  along  these  streams 
has  been  stolen  and  floated  down  to  Lake  of  the  Woods.  This  unlaw* 
ful  destruction  of  some  of  the  finest  of  our  Minnesota  pine  seems  to  be 
carried  on  every  winter,  as  many  of  the  logs  freshly  cut  still  lie 
around. 

The  following  report  is  merely  a  transcription  and  rearrangement  of 
the  notes  taken  on  the  trip  and  follows  very  nearly  the  order  of  the 
journey.  No  attempt  has  been  made  to  study  the  specimens  collected. 
It  will  be  a  subject  for  future  investigation  to  inquire  into  the  litho- 
logical  characters  and  relations  of  these  rocks. 

LITTLE  FORK   RIVER. 

No  exposures  of  solid  rock  are  seen  on  the  four  and  a  half  mile 
portage  which  starts  from  Vermilion  lake  in  sec.  21,  63-18  and  leads  to 
the  Little  Fork.  The  portage  crosses  two  large  swamps  and  several 
small  ones. 
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Some  large  irregular  masses  of  biotite  mica-schist  give  indication 
of  the  uuderlying  rock.  These  chunks  are  cut  by  granite  and  syenite 
intrusions.     Beds  of  drift  gravel  and  sand  are  seen. 

When  the  Little  Fork-  is  reached  the  character  of  the  country  is 
found  to  have  undergone  a  marked  change.  There  is  more  soil,  clay 
and  till,  and  consequently  a  larger  and  more  luxuriant  growth  of 
forest-trees  and  shrubs. 

The  portage  trail  runs  west  for  about  a  mile  and  then  S.  W.  or  S. 
S.  W.  The  trees  are  poplar,  pine,  birch,  elm,  balm  of  Gilead,  willow, 
spruce  and  tamarack.  The  country  is  low  an^i  not  hilly.  The  Indian 
chief  "Wakemaup**  reports  native  copper  in  the  rock  at  the  falls 
twenty  miles  below  here;  he  says  he  has  cut  it  with  his  knife. 

Descending  the  river  in  a  general  north-west  direction  the  first  rock 
is  met  with  at  about  two  miles.  This  is  a  low  outcrop  of  massive 
dioryte.  The  outcrop  is  on  the  north  side  of  the  river  and  is  seen  for 
an  extent  of  several  rods,  No.  75  (H). 

There  are  occasional  granite  boulders  in  the  river.  The  course  of 
the  stream  is  west  for  several  miles. 

About  three  miles  below  is  Rapid  No.  1.*  The  river  falls  about  two 
feet  in  ten  rods  or  less.  Near  the  river  the  rock  is  a  siliceous  mica 
schist  containing  calcite  and  a  varying  amount  of  feldspar.  On  the 
ridge  south  of  the  river  the  schist  becomes  a  fine  biotite  granite  and 
contains  veins  and  lumps  of  muscovite  granite.  It  also  efi'erveices 
with  acid,  and  contains  considerable  pyrites.  The  exposure  is  not 
sufficient  to  determine  the  strike  or  dip.  Nos.  76  (H),  76  A  (H)  76  B 
(H).  This  schist  seems  to  be  uplifted  by  a  moderately  coarse,  dark, 
tough  massive  rock  somewhat  like  75  (H)  but  coarser  and  containing 
magnetite  (?).  It  has  come  up  through  the  schist  in  places  and  forms 
a  ridge  running  nearly  north  and  south  across  the  river.     No.  77  (H). 

About  four  miles  below  this  rapid  another  short  rapid  is  encounter- 
ed. It  is  about  60  feet  long  and  the  river  falls  about  a  foot.  This  is 
Rapid  No.  2.  It  is  over  mica  schist  or  hydro-mica  schist.  Dip  S,  70^, 
Strike  and  schistosity  N.  80^  E.  The  exposure  rises  only  three  or 
four  feet  above  the  water  and  extends  but  a  few  feet.  It  is  coarsely 
fissile.  A  few  large  granite  boulders  lie  about.  White  or  bur  oak, 
basswood,  elm  and  ash  trees  appear  among  the  other  forest  trees  here. 
No.  78(H). 

About  three-fourths  of  a  mile  below  Rapid  No.  2,  Rice  river  joins 


*  Tba  water  was  bo  high  In  this  river  in  1888  that  an  Indian  said  It  was  **  all  one  rapid/'  under 
wblch  dreamataooef  the  rapids  here  enumerated  would  be  indistingaishable. 
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the  Little  Pork;  and  a  short  distance  below  the  confluence  is  a  fall  of 
about  three  and  ODC-half  feet  and  a  rapid  fall  of  a  foot  or  two  mure. 
Itapid  Nu.  3  This  fall  is  over  mica  schist:  some  of  it  is  very  bard 
and)  siliceous,  some  soft,  micaceous  and  fissile.  There  are  beds  of 
(juarlzyte  and  veins  or  beds  of  quartz  in  it.  Dip.  S.  60°— 70°.  Glacial 
striip  N.  ^O'E.  strike  east  and  west.  The  rock  rises  eight  or  ten  feet 
above  tli:>  wnter  at  the  fulls.  The  gorge  is  40 — 50  feet  wide  and  af- 
fords  a  good  place  for  a  dam. 

In  some  places  the  beds  of  schist  and  quart/.yte  are  much  mixed  up 
and  cross  and  cut  each  other  in  atl  directions.     No.  79  (H). 


Fig.  1.— Rapid  \-.  a,  Little  Fork  rtrer. 

About  a  quarter  of  u  mile  below  the  last  is  Rapid  No.  i.  It  is  a 
short  rapid  over  boulders  of  granite. 

A  mile  farther  down  is  Rapid  No.  5,  about  a  quarter  of  a  mile  long. 
It  produces  a  fall  of  six  or  eight  feet  in  the  river.  There  are  a  great 
many  boulders  of  all  sizes  in  the  river  and  along  the  banka;  no  lime- 
stone boulders  are  to  be  seen  as  yet. 

The  rock  is  typical  mica  schist  containing  much  fine  biotite.  There 
are  inclusions  of  gneiss  and  syenite.  The  strike  at  the  upper  end  of 
the  rapid  is  S.  20^  E.  Dip  is  W.  80\  There  are  a  few  light-greenish 
felsitic  pieces  in  the  river  that  look  as  if  they  came  from  the  rapida; 
but  no  rock  like  them  could  be  found  in  place.  They  contain  much 
pyrite  which  may  be  Wakemaup's  "copper." 

Two  miles  and  n  half  or  three  miles  below  this  is  Rapid  No.  6.  I' 
is  about  ten  rods  long  and  the  fall  is  six  or  seven  feet. 

The  rock  is  mica  schist  cut  by  a  few  granite  intrusions.     It  is  quite 
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•olid  and  compact  but  does  not  appear  in  any  large  outcrops.  This 
npid  is  jast  abo?e  the  mouth  of  a  river  that  comes  in  on  the  north 
tide. 

^^        Between  Rapids  No.  5  and  No.  6  are  several  places  where  there  are 
boulders  to  be  seen  in  the  river  and  along  the  banks.     This  was  not 
^     MO  above  Rapid  No.  5;  perhaps  because  of  the  high  stage  of  the  water 
at  the  time. 

The  river  continues  in  a  western  direction,  sumetimes  running  off 
[    for  quite  a  while  in  a  S.  W.  course. 

Some  of  the  schist  at  Rapid  No.  6  contains  so  much  feldspar  and 
qaartz  that  it  might  properly  be  called  gneiss;  and  some  has  so  little 
mica  and  feldspar  as  to  constitute  a  grayish  quartzyte. 

Three  miles  farther  down  is  a  low  outcrop  of  mica  schist  cut  by 
gneiss.  No.  80  (H)  shows  the  contact.  It  is  on  the  south  side  of  the 
river. 

About  four  miles  below  is  a  small  outcrop  in  the  bank  on  the  north 
side  of  the  river.     It  is  a  greenish  schist  much  like  the  Vermilion  lake 
^ray  wacke,  containing  a  few  mica  scales  and  some  pyrites.  No.  81  (FT). 
About  a  mile  below  this  are  the  **Big  Falls"  of  the  Little  Pork.   The 
fall  is  about  16  feet  over  a  very  much  jointed,  but  quite  fine-grained 
and   compact  green  schist.     It  stands  nearly  vertical  or  with  a  high 
dip  to  the  west.     The  strike  is  irregular  but  generally  about  N.  20°  E. 
It  is  a  rock  that  varies  a  great  deal  in  different  beds  or  layers.     Some 
strata  are  very  siliceous  and  hard  with  a  tendency  to  basaltic  struc- 
ture; some  very  fissile  and  sericitic  and  some  highly  ferruginous  with 
pyrites.     Most  all   of  it  seems  to  contain  considerable  dolomite  or 
calcite  not  only  in  seams  but  in  the  rock  itself.     There  is  also  a  green- 
ish-black mineral  or  ore  found  in  the  seams.  No.  82  A  (H).  Numerous 
qaartz  veins  penetrate  the  rock,  and  part  of  it  seems  to  contain  much 
feldspar  or  felsyte.    See  No.  82  (H).     This  is  Rapid  No.  7. 

No  rock  in  situ  is  seen  until  Rapid  No.  8  is  reached,  about  1^  miles 
below  the  falls.  This  is  a  low  outcrop  of  the  same  rock  as  that  at 
the  falls.  One  who  has  come  down  the  river  from  the  region  of  mica 
schist  to  this  fine-grained  schist  containing  little  or  no  mica  cannot 
fail  to  have  noticed  the  gradual  change  in  this  rock  and  the  similarity 
of  contiguous  outcrops  which  go  to  prove  it  all  of  one  formation. 

About  half  a  mile  below  this  is  Rapid  No.  9,  perhaps  four  rods  long 
with  a  fail  of  about  two  feet. 

Here  there  is  an  exposurcdof  micaceous  syenite  gneiss  which  appears 
to  be  horizontally  bedded.  It  is  cut  by  veins  of  syenite  and  gneiss. 
There  are  large  lumps  of  green  material  in  the  rock.     No.  83  (H.) 
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About  three  miles  below  the  last  is  Rapid  No.  10;  boulders  beings 
the  only  rock  seen  in  that  distance.  This  rapid  is  12  or  15  rods  long^ 
and  descends  5  or  6  feet  over  a  bed  of  boulders  as  far  as  could  be  seen. 
There  are  some  rough  pieces  that  seem  to  be  broken  from  the  under- 
lying  rock,  and  arc  of  the  gneiss  and  mica  schist  formation.  The 
rock  here  has  more  quartz  and  feldspar  than  is  the  case  generally 
farther  east.  Some  of  it  is  syenite  containing  a  little  mica.  ISome- 
times,  as  for  example  on  the  portage  around  the  south  side  of  the 
''Big  Falls/*  large  masses  of  amphibolyte  are  seen  that  appear  to  be 
near  home;  but  it  was  not  seen  in  place.  It  is  a  heavy,  massive, 
crystalline  rock,  apparently  composed  entirely  of  hornblende.  It  is 
noticeable  that  boulders  and  gravel  in  the  stream  are  becoming  of 
more  frequent  occurrence;  and  the  country  has  a  heavier  covering  of 
drift — gray  clay  with  a  few  boulders.  The  land  is  low,  but  not 
swamp3',  and  is  good  for  farming.  The  river  is  large  and  still  runs 
mainly  west.  Balm  of  Gilead  ahd  poplars  constitute  at  least  half  the 
forest;  ash  and  oak  are  numerous,  and  a  few  box-elders  are  seen. 

About  a  mile  and  a  half  below  Rapid  No.  10  is  a  bank  of  gravel  and 
boulders,  among  which  are  seen  pieces  of  limestone.    No.  84  (H.) 

From  here  down  the  boulders  are  very  numerous.  About  two  miles 
and  a  half  below  is  Rapid  No.  11  over  boulders  of  syenite  containing 
a  variable  amount  of  hornblende.  The  rapid  is  short  and  the  fall  is 
not  more  than  two  feet. 

A  quarter  of  a  mile  farther  is  Rapid  No.  12,  only  about  a  rod  long, 
with  a  fall  of  about  a  foot.  About  three  quarters  of  a  mile  below  Rapid 
No.  12  is  a  bank  of  clay  which  contains  boulders  and  is  cut  through  by 
the  river.  The  drift  hills  are  higher  here,  and  on  the  north  side  of  the 
river  this  bank  is  12  or  15  feet  high.  It  contains  limestone  pebbles 
and  clay  concretions.     No.  85  (H.) 

Less  than  half  a  mile  below  this  is  Rapid  No.  13  which  descends 
about  seven  feet  in  a  few  rods.  Here  there  is  a  large  outcrop  of  very 
interesting  rock.  It  is  composed  of  coarse  crystals  of  orthoclase  run- 
ning mostly  all  in  the  same  general  direction,  mica,  hornblende  and  a 
a  little  quartz,  and  contains  garnets. 

There  is  a  long  smooth-topped  outcrop  on  the  north  side  of  the 
river,  the  general  direction  of  which,  as  well  as  of  the  feldspar  crys- 
tals in  it  is  E  50""  S.  The  only  evidence  of  bedding  is  the  direction  of 
the  majority  of  the  crystals  and  also  the  direction  of  inclusions  of  fine 
mica  schist  which  are  numerous  in  the  hard  surface  of  the  rock. 
These  inclusions  are  softer  than  the  rest  of  the  rock  and  so  the  sur- 
face presents  concavities  where  they  lie. 
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Some  of  the  crystals  of  ortboclase  are  nearly  two  inches  long  and 
are  generally  quite  narrow.  The  rock  has  reins  of  granite  running 
through  it.  The  mica  schist  inclusions  seem  to  stand  with  their  bed- 
ding Tertical;  and  the  rock  itself  presents  some  appearance  of  it  also. 
Boulders  of  this  peculiar  porphyritic  rock  had  been  seen  in  the  river 
S.  E.  of  this  place.     See  No.  S6  (H). 


Fig.  3. — Porphyritic  Breccia.      Rapxd  No.  13,  Litlte  Fork  river. 

About  a  mile  further  down  is  Rapid  Xo.  11  over  boulders  as  far  as- 
:ould  be  seen.     The  principal  rock  is  like  86  (H)  hut  liner. 

Half  a  mile  below  a  large  river  enters  on  the  south.  It  is  called 
Sturgeon  rirer  by  the  Indians.  Below  this  is  a  high  ridge  on  the 
L  orth  side  of  the  river. 

About  a  mile  further  is  Rapid  No.  15,  where  the  rirer  cuts  through 
*-ift  hills  60  or  75  feet  high.  The  rapid  is  15  or  20  rods  long,  and  the 
i  Ter  falls  about  three  feet. 

A  mile  below  the  last  is  Rapid  No.  16,  about  6  rods  long  over  bould- 
~a.  Small  pieces  of  limestone  are  seen  in  most  all  of  the  drift  ridges 
:zaw;  and  there  is  more  sand  mixed  with  the  clay. 

There  is  very  little  large  timber  growing  here.  Dead  stumps  of 
^ses  reaching  up  above  the  smaller  gi^owth  of  late  years  give  eri- 
~    Dce  of  what  a  fine  forest  existed  here  before  fires  ran  over  the 

~nntr7  and  destroyed  the  vegetation.  There  are  good-sized  elm, 
3i,  birch,  balm  of  Gilead  and  aspens  along  the  river,  and  euormous 
"^Qces  and  cedars  occasionally;  but  the  valuable  timber  is  ruined. 
~A  little  more  than  a  mile  further  down  is  Rapid  No.  17,  a  small 
"^d.  A  few  limestone  boulders  here  are  a  foot  in  diameter.  See 
^=).  87  (H). 
W 
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About  quarter  of  a  mile  further  is  Rapid  No.  18,  a  short  rapid  oyer 
boulders  and  gravel.  Just  before  reaching  it  is  a  clay  bank  on  the 
west  side  of  the  river  over  50  feet  high. 

Two  miles  further  is  an  exposure  of  syenite  gneiss  just  above  Rapid 
No.  19.  This  gneiss  has  the  same  general  character  as  that  at  Rapid 
No.  13,  except  that  it  contains  much  less  mica,  some  of  it  none  at 
all.  There  arc  garnets  in  it  as  in  the  other  and  also  a  few  of  the 
mica  or  hornblende  schist  inclusions.  The  rock  at  the  south  side  of 
the  outcrop  is  greenish  schist  containing  mica  and  hornblende  and 
but  little  feldspar. 

This  rapidly  graduates  into  syenite  poor  in  quartz,  and  further  north 
this  contains  more  feldspar  than  any  other  mineral.  This  syenite 
gneiss  seems  to  be  vertically  bedded  and  to  strike  N.  10'  E.  No.  88  (H). 

About  two  miles  below  the  last  is  Rapid  No.  20,  where  the  river 
falls  8  feet  in  100  yards  or  less.  There  are  numerous  large  boulders 
here  and  a  low  exposure  of  fine  green  schist  that  looks  like  fine  dia- 
base. It  is  polished  wonderfully  smooth  on  the  surface  by  glaciation. 
The  direction  of  the  striations  is  X.  10""  E.  Bedding  is  vertical ;  strike 
E.  and  W.  It  is  full  of  joints,  and  a  hand  sample  of  regulation  size 
can  with  difficulty  be  obtained.  It  is  cut  by  a  dyke  of  light-colored 
rock  composed  of  quartz,  feldspar,  mica,  hornblende,  and  garnets.  It 
narrows  down  from  six  feet  to  one  foot  in  15  feet,  going  N.  20*^  E.  It 
does  not  appear  in  abrupt  contact  with  the  green  schist.  Nos.  89 
(H),  90(H). 

Forty  rods  farther  is  Rapid  No  21,  where  there  is  a  fall  of  two  feet 
over  boulders.  Half  or  three-quarters  of  a  mile  below  is  Rapid  No. 
ti2.  Just  above  this  is  an  exposure  on  the  south  side  of  the  river.  It 
is  a  greenish  mica  schist  that  has  a  striking  resemblance  to  that  at 
Rapid  No.  20;  but  contains  much  mica  in  fine  scales.  Bedding  is 
vertical;  strike  N.  70^  E;  glacial  marks  N.  10°  E. 

Included  in  this  mica  schist  are  patches  of  a  different  kind  of  mica 
schist,  also  with  vertical  bedding  and  same  strike.  The  schist  con- 
tains quartz  veins.  Nos.  91  (H),  91  A  (H). 

Half  a  mile  farther  is  Rapid  Na  23,  about  four  rods  long  with  a  fall 
of  ii  feet.     The  rock  is  mica  schist  similar  to  the  last  and,  containing 
quartz  veins.     Strike  N.  8')*^  E.  Dip  S.  70°.     About  a  mile  below  a- 
river  enters  on  the  east. 

About  two  miles  below  the  mouth  of  this  river  is  Rapid  No.  24- 
over  boulders  for  a  few  rods.  Two  miles  further  on  a  good-si 
stream  comes  in  on  the  south,  and  11  miles  farther  a  large  creek  enters 
on  the  cast. 
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Very  few  boulders  and  no  solid  rock  is  seen  for  several  miles  along 
here.  The  river-banks  are  of  clay.  Just  below  the  mouth  of  the 
river  on  the  N.  E.  side  is  a  clay  bank  20  feet  high.  It  is  horizontally 
stratified  and  contains  a  few  small  pebbles.  It  is  gray  and  somewhat 
sandy  and  appears  to  be  of  lacustrine  or  river  deposit;  but  may  be 
•Cretaceous. 

About  half  a  mile  farther  is  Rapid  No.  25,  about  a  quarter  of  a  mile 
long  over  boulders.    A  short  distance  below,  a  creek  enters  from  the  S. 
W.,  and  at  the  mouth  of  it  is  Rapid  No.  26~a  short  rapid  formed  by 
boulders. 

A  little  below  this  is  a  rapid  40  rods  long  or  more  over  a  bed  of 
boulders.  This  is  Rapid  No.  27.  Below  this  rapid  for  some  distance 
the  water  is  almost  continually  rapid  and  boulders  are  numerous. 
There  is  a  sand  and  gravel  bed  here  of  which  limestone  pebbles  con- 
stitute about  one-half.  Below  this  on  the  other  side  is  a  bank  of 
boulders  in  which  are  some  of  limestone  three  or  four  feet  in  diameter. 
No.  92  (H). 

Just  around  the  bend  a  creek  comes  in  on  the  east  side,  which  has 
washed  out  a  large  bed  of  pebbles,  most  of  which  are  limestone.    The 
banks  of  this  creek  are  lined  and  covered  and  fairly  white  with  lime- 
stone.    Lignite  in  a  mass  eight  inches  long,  six  inches  wide  and 
three  inches  thick,  was  found  here.     No.  93  (H).     The  banks  of  the 
creek  are  formed  of  very  fine,  sticky,  horizontally  stratified  clay, 
which  becomes  hardened  shale  on  drying.     This  clay  is  fin%  soft, 
bluish-gray  Cretaceous,  in  strata  of  from  one  to  three  inches  thick. 
The  banks  of  the  creek  for  one-fourth  mile  back  from  the  river  are 
to  25  feet  high  and  formed  of  this  shale.     A  total  thickness  of  at 
40  feet  can  be  seen  at  this  place.     A  few  cycloid  fish  scales  and 
other  fossiliferous  remains  were  found  in  this  shale.*     Some  gravel 
^as  seen  in  the  clay  in  one  or  two  places;    also   aggregations   of 
fibrous  yellow  needles  of  aragonite.    Nos.  94  (H),  95  (H),  96  (H),  97 
W,  98  (H)  are  from  here. 

't  is  remarkable  to  see  the  variety  and  number  of  boulders  and 
Pebbles  that  are  in  this  creek  bed.  Limestone  masses  five  feet  thick 
"^car  ;  also  pieces  of  a  very  peculiar  conglomerate  as  well  as  of  a  fine, 
P^iik  sandstone  that  looks  like  the  Potsdam. 

naif  a  mile  farther  down  is  a  hill  apparently  composed  of  till  which 
^laes  50  or  60  feet  above  the  river.     A  short  distance  below  this  is  a 

wcroMopie  exfimination  of  this  nhale  by  Mesinni.  Woodwnni  k.  Thomas  reveals  characterttlic 
^^'*^c«OM  fonmlQirerB. 
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bluiF,  40  feet  high,  of  shale.  It  is  all  very  slippery  aud  fine,  with  here 
and  there  a  pebble.  No  fossils  were  found  here.  On  the  east  side  of 
the  river  below  here  the  clay  hills  are  80  feet  high. 

Nothing  worthy  of  note  is  seen  for  the  next  six  miles;  boulders  are 
few  and  no  solid  rock  is  visible.  At  six  miles  a  stream  which  has 
been  used  for  driving  logs  comes  in  from  the  south,  and  forms  a  large 
bed  of  gravel  and  sand  at  its  mouth.  The  banks  of  this  stream  are 
formed  of  the  same  muddy  shale.  The  hills  in  this  vicinity  are  75 
feet  or  even  100  feet  high;  and  seem  to  be  horizontally  stratified  to 
the  very  top.     A  few  fragments  of  lignite  were  found  here. 

About  two  and  one-half  miles  below  this  stream  is  Rapid  No.  28, 
over  some  large  boulders  in  the  stream.  There  are  some  large  flat 
masses  of  siliceous  mica  schist  that  do  not  appear  to  have  traveled  far; 
bat  the  covering  of  drift  and  Cretaceous  is  too  thick  for  the  solid  rock 
to  be  exposed. 

About  two  and  a  half  miles  down  the  stream  is  seen  the  first 
meander  corner.  It  is  between  sections  22  and  23,  T.  65-24.  A  little 
below  here  a  small  stream  enters  from  the  S.  E.,  and  there  is  an  old 
logging  camp,  '*  Seller's  Camp.'* 

About  a  mile  below  this  camp,  in  the  N.  E.  i  sec.  22,  65-24,  is  Oak 
Rapids  (Rapid  No.  29).  At  the  top  of  these  rapids  is  an  outcrop  of 
mica  schist  in  the  bed  of  the  river.  Strike  is  E.  lO^S.;  dip  S.  20*^. 
This  schist  may  not  be  in  its  original  position,  although  it  appears  to 
be.  1^0.  100  (H).  This  rapid  produces  a  fall  of  five  or  six  feet  in 
less  than  one-quarter  mile.  Considerable  mica  schist  is  exposed  on 
the  N.  E.  side.  It  is  interbedded  with  gneiss.  No.  101  (H).  The 
schist  near  the  foot  of  the  rapids  contains  much  quartz  in  veins,  and 
many  small  garnets  or  grains  of  rose  quartz.     No.  102  (H). 

At  the  west  line  of  sec.  7,  T.  65-24,  is  Rapid  No.  30,  over  boulders 
for  about  five  rods. 

Just  below  the  place  where  the  river  leaves  T.  65-24  is  Rapid  No. 
31,  called  ^'  Dead  Man* 8  Rapid.''  The  rapid  is  over  mica  schist  inter- 
bedded with  gneiss,  and  the  river  falls  ten  or  fifteen  feet  in  about 
eighty  rods.  The  schist  dips  south  72°.  Strike  is  N.  SO^'E.  It  is 
very  siliceous  and  also  contains  quartz  veins.  The  beds  of  granite  or 
gneiss  are  of  all  thicknesses  up  to  three  or  four  feet.  Some  of  the 
schist  weathers  red  on  the  surface,  and  some  contains  much  horn- 
blende. Part  of  the  gneiss  contains  a  bright  green  mineral  near  the 
surface.  The  outcrop  is  low  and  only  rises  a  few  feet  above  the 
water.     No.  104  (H). 

Around  the  poin  t  just  below  this  rapid  is  a  low  exposure  of  massive 
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syenite  or  dioryte.  There  are  two  sets  of  glacial  strise;  one  N.  20°  E., 
the  other  E.  lO""  !j.  They  are  both  well  defined;  but  it  could  not  be 
told  which  was  of  later  date.  This  rock  extends  for  two  or  three  rods 
along  the  north  bank.     No.  105  (H). 

A  short  distance  below,  on  the  other  bank,  is  the  ordinary  mica 
schist  cut  by  granite;  so  the  dioryte  is  not  very  extensive,  but  may  be 
in  a  dyke.  It  is  very  hard  and  massive;  hardly  a  joint  or  crack  being 
seen  in  the  whole  of  it.  Several  very  large  granite  boulders  lie  in  the 
river  near  here,  some  15  or  20  feet  in  diameter. 

Half  a  mile  below  ''Dead  Man's  rapid"  is  Rapid  No.  32  over  an 
ugly  barrier  of  boulders. 

A  mile  below  this  is  Rapid  No.  33,  about  15  rods  long  over  boulders. 
The  river  falls  about  2  feet. 

Ha  f  a  mile  farther  is  Rapid  No.  34.  Here  there  is  an  outcrop  of 
mica  schist,  fine,  biotitic  and  ferruginous,  interbedded  closely  and 
strikingly  with  biotite-muscovite  gneiss. 

The  gneiss  and  schist  are  in  nearly  vertical  strata;  dip  S.  32^ W. 
W  and  strike  N.  58°E. 

Less  than  one-quarter  mile  below  is  Rapid  No.  35,  a  short  rapid  over 
boulders  The  banks  along  here  are  higher  than  have  been  seen  for 
some  time. 

About  2  miles  farther  is  a  meander  corner  between  sections  19  and 
24,  Twps.  66-24  and  66-25. 

Ik  The  hills  below  for  several  miles  seem  to  be  composed  principally  of 
till  containing  small  boulders  with  which  there  is  mixed  considerable 
limestone. 

Six  miles  from  the  last  rapid  is  Rapid  No.  36,  having  a  fall  of  about 
a  foot  in  a  few  rods.     No  rock  but  boulders  was  seen  here. 

About  If  miles  farther  down  is  a  low  outcrop  of  interbedded  mica 
schist  and  granulyte,  exposed  for  about  5  rods  along  the  N.  W.  bank 
of  the  stream.  The  schist  is  vertically  bedded;  strike  is  N.  70"*  E. 
There  are  indications  along  the  banks  of  the  river  of  water  in  the 
river  12  feet  higher  than  at  the  time  these  notes  were  taken,  (July 
5th.) 

Two  and  a  half  miles  farther,  about  in  the  N.  E.  i,  T.  67-25,  is  an 
ontcrop  of  dolery te  less  than  a  foot  above  the  water.  It  is  apparently 
a  dyke  running  across  the  river  N.  and  S.  Glacial  marks  are  long 
and  deep,  N.  42°  E.    No.  106  (H.) 

Just  below,  around  the  point  is  an  outcrop  of  mica  schist  inter- 
bedded with  thin  beds  of  gneiss.  Strike  is  E.  and  W.  Dip  N.  65°. 
It  is  quite  thin-bedded  and  is  the  characteristic  rock  of  this  whole  re- 
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gion.  In  places  it  is  hard  to  say  which  is  schist  and  which  is  gneiss, 
or  where  one  bed  stops  and  the  other  commences,  and  agHin  they  are 
separated  quite  distinctl3\  It  will  be  noticed  that  the  dip  has  changed 
to  the  north.  This  schist  causes  Rapid  No.  37,  short  and  not  steep. 
About  a  mile  below  a  good  sized  stream  enters  on  the  south  side. 

Two  miles  further  down  is  a  low  exposure  of  inter-bedded  gneiss 
and  mica  schist.  Glacial  striae  are  N.  40®E.  Dii)  N.  50"^.  Strike 
E  and  \V.  The  beds  are  very  thin,  fifteen  alternating  beds  in  a 
thickness  of  one  foot  being  counted  in  one  place. 

About  five  miles  farther  down  is  Uapid  No.  38  over  boulders  which 
probably  rest  on  mica  schist,  as  that  is  the  material  of  which  most  of 
them  are  composed.  There  seem  to  be  very  few  boulders  in  the  till 
here.  Small  white  pine  and  tamarack  trees  are  beginning  to  be  abun- 
dant.    Box-elder  is  plentiful  and  soft  maples  are  seen  here  and  there.. 

Two  miles  farther  down  is  a  bank  of  Cretaceous  shale  on  the  west 
side  of  the  river.  It  is  sub-jacent  to  a  mass  of  till  and  gravel.  The- 
latter  contains  many  limestone  pebbles.  A  few  of  these  pebbles  seem 
to  be  in  the  shale  too.  The  bank  consists  of  20  feet  of  shale,  and  10 
feet  of  drift  on  top.  The  water  from  the  surface  filters  down  through 
the  till  and  not  being  able  to  get  through  the  shale  forms  springs  of 
cold  water  coming  out  in  the  bank  at  many  places.  The  shale  is  al- 
ways wet  and  slippery  and  in  thin  beds.  By  a  bed  is  meant  a  la^er 
of  clay  with  a  line  of  fine  sand  or  sandy  clay  at  the  bottom  of  it.  The 
shale  separates  easiest  at  the  line  of  sand. 

Half  a  mile  further  is  a  low  outcrop  of  mica  schist  and  gneiss,  and 
near  it  two  immense  granite  boulders  that  look  as  if  they  were  once 
one  piece. 

Three  miles  farther  down  the  stream  is  a  large,  slightly  elevated 
exposure  in  the  middle  of  the  river.  It  is  nearly  round  and  about 
100  feet  in  diameter.  It  is  composed  of  mica  schist  interbedded  with 
and  cut  in  all  conceivable  directions  by  coarse  gneiss.  This  gneiss 
runs  principally  with  the  schist,  but  there  are  large  and  small  veins 
that  run  straight  across  and  twist  through  the  schist  in  such  a 
manner  as  to  make  a  very  rough  and  irregular  surface  where  the 
gneiss  stands  above  the  weathered  and  washed  out  schist.  The  gneiss 
is  rery  coarse;  the  crystals  of  feldspar  and  mica,  both  biotite  and 
muscovite,  being  four  and  sometimes  six  inches  on  a  side.  The  mica 
and  quartz  are  often  blood-red.  The  gneiss  also  contains  garnets  and 
tourmaline  crystals  four  inches  long,  besides  a  green  mineral  that  re* 
sembles  beryl.  Beds  of  rock  composed  mainly  of  biotite  and  augite* 
occur  in  the  schist. 
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The  south  side  of  this  outcrop  has  a  south  dip;  then  comes  a  hard, 
wide  bed  of  fiae  schist  on  the  other  side  of  which  the  dip  is  north  at 
an  indefinite  angle.  The  general  strike  is  about  E.  20°S.  (glacial 
stria;  N.  Zi^E.  Most  of  the  feldspar  is  orthoclase,  but  there  is  also  s 
light  bluish-green  feldspar  in  parts  of  it.  Nos.  107  (H),  107A  (H), 
107B  (H)  and  108  (H)  are  samples  from  here.  Tlie  large  crystals  of 
mica,  as  well  as  the  biotite-augite  (0  inclusions  or  beds,  stand  orb 
edge. 


Fig.  3. — Mica  schist  cut  by  granite,  Little  Fork  river. 

The  targe  intrusion  of  granite  seen  in  the  sketch  to  ruu  across  the 
beds  ^eems  to  lie  on  the  beds  and  not  cut  them  much.  It  is  very 
coarse.  This  is  rapid  No.  39  (Kabemabegetchiwak,  "where  the 
water  goes  round  ").  The  river  falls  about  three  feet  in  the  course  of 
a  few  rods. 

About  a  mile  and  a  half  below  are  three  more  outcrops  of  mica 
schist  and  gneiss.  Strike  is  E,  and  W. ;  there  is  a  higb  dip  to  the 
north. 

About  3  miles  farther  on  the  west  side  of  the  river  is  a  bank  18  or 
20  feet  high  that  has  in  the  top  of  it  about  10  feet  of  horizontally 
stratified  clay  of  a  light  color  and  containing  limestone,  schist  and 
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uiuer  jiebbles  as  large  as  4  inches  id  diameter.     No.  109  (H).     Thia  is 
]>robably  in  the  bed  uFlake  Agas.siz. 

Ju!it  below  this  13  a  low  L'SjioDure  of  mica  schist  and  Eneisria  thin 
lied:^  dipping  north  at  a  high  angle  and  running  east  and  west. 


Mica  Schist  and  laterbe'f'led  Gneiss,  Little  Fori;  i 


Abimt  a  mile  below  this  is  Rapid  No.  40,  over  boulders  for  20  rods. 
Thi-  river  falls  iibmit  2l  feet. 

Two  milus  bi'low  is  a  rapid  full  of  6  feet  over  boulders.  There  is  a 
clearing  of  40  acres  or  more  ou  a  drift  binif  50  fnet  above  the  river. 
The  Indians  have  cooio  here  each  spring  from  time  imniemorial  to 
catoh  xtiirgeon.  Their  name  for  it  is  Ontikaiamis  {"vhcte  the  stur- 
genn  run")  This  rapid  is  No.  41  and  is  about  19  miles  above  Rainy 
Labre  river. 

About  two  miles  below,  Little  Fork  creek  comes  in  on  the  east  aide. 
ThL'  drift  hills  and  banks  arc  20  feet  to  30  feet  high  here  and  are  strat- 
ified at  the  top  and  perhap.^  ul)  through. 

About  two  and  oiic-half  miles  further  down  is  a  layer  of  black 
gravel  in  the  northeast  bank  of  the  river.  It  contains  some  magne- 
tite.    No.  110(11). 

ll.\lNY    LAKE   RIVER. 

Nothing  particularly  noteworthy  is.'feen  for  the  next  fifteen  railei, 
when  Rainy  Lake  river  is  reached.     The  water  in  this  river  is  much 
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cooler  and  cleaner  than  that  in  the  Little  Fork,  which  is  red  and 
muddy.  The  banks  are  not  more  than  20  feet  high  and  are  more  or 
less  stratified.  There  seems  to  be  an  occasional  exposure  of  Cretaceous 
«hale.  For  eight  and  one-half  miles  up  Rainy  Lake  river  from  the 
mouth  of  the  Little  Fork  there  is  no  rock  to  be  seen  in  place.  The 
banks  are  from  five  to  fifty  feet  high  and  seem  to  be  composed  of  till; 
but  that  cannot  be  positively  ascertained  as  they  are  so  rounded  and 
covered  with  vegetation.  There  are  numerous  limestone  boulders 
Ijiug  along  the  water's  edge.  There  are  settlers  all  along  the  British 
side  and  a  few  on  the  American.  Oak  trees  are  common  and  poplars 
are  numerous. 

About  Si  miles  below  Fort  Francis  is  an  exposure  of  mica  schist  in 
the  middle  of  the  river.  Strike  is  N.  82°  E. :  dip  N.  80^  Glaciation 
N.  32°  E. '  This  schist  is  quite  fine  and  very  fissile  in  places.  It  has  a 
wavy,  schistose  structure  running  in  the  same  general  direction  as  the 
bedding.  There  are  a  few  small  beds  of  feldspathic  material  running 
through  it.  A  couple  of  pieces  lying  on  the  surface  which  seem  to  be- 
long here  contain  chlorite  and  pyrite  and  some  other  mineral.  Nos 
111(H)  and  112(H). 

About  a  mile  and  a  half  below  Fort  Francis  is  a  long  exposure  of 
^reen  hydro-micaceous  schist  on  the  British  side.  Strike  is  N.  40°  E. 
Dip  at  a  high  angle  to  the  north  or  vertical.  There  are  a  few  scales  of 
unaltered  mica  in  the  schist  and  some  dolomite  in  the  veins  and  seams. 
No  113  (H).  There  are  some  beds  that  are  very  siliceous  with  fine 
§;rain8  of  quartz  that  crumble  and  separate  with  a  slight  blow  of  a 
hammer.  They  resemble  the  quartz  beds  in  the  jasper  schists  north 
of  Tower.    No.  114  (H). 

There  is  a  bed  of  green  schist  or  rock  possessing  a  schistose  struct- 
ure that  runs  so  as  to  slightly  cut  the  bedding  of  the  schist.  It  is 
about  two  feet  wide  and  continues  for  several  rods.  It  seems  to  be  a 
little  softer  that  the  other  schist  and  has  about  the  same  composition. 
No.  115  (H).  It  looks  as  though  it  may  have  been  of  a  dyke-like 
nature  and  had  its  schistosity  formed  at  a  later  period  by  lateral  pres- 
sure.    The  character  of  its  constituents  has  also  been  changed. 

A  little  further  up  the  river  on  the  same  side  is  an  exposure  that 
rises  15  feet  above  the  water.  Here  the  schist  contains  twisted  beds 
of  quartz  stained  with  iron  which  have  a  marked  resemblance  to  those 
in  the  Vermilion  lake  rocks.    No.  116  (H).    See  figs.  5  and  6. 
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Fig.  5. — Rainy  iMke  river. 


Fig. 


—R'liitj/  Like 


On  the  south  end  of  a  small  island  ia  tLe  middle  of  the  rirer  is  a 
small,  massive  outcrop  of  porphyritie  granite.  Itis  exceedingly  poroui 
but  tough.  Crystals  of  feldspar  less  than  an  inch  in  length  stand  oat 
all  over  the  surface  The  rock  aUo  contuin^  mica  aud  hornblende  or 
chlorite  aud  a  very  little  quart/,.  Going  east  a  abort  distance  nodules 
of  hardened  mica  schist  are  seen  enclosed  iu  the  other  rock.     Sooa  tde 
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rphyry*  begins  to  have  more  and  more  of  the  green  minerals  in  it; 
i  finally  it  becomes  fine,  hard  mica  schist.  Along  the  strike  there 
1  gradaal  transition  from  porphyry  to  schist;  but  in  one  or  two 
its  they  have  an  abrapt  contact.  Some  of  the  nodules  are  porphy- 
c.  Nos.  117  (H),  117  A  (H),  117  B  (H\  117  C  (H),  117  D  (H),  117 
;H)  and  117  P  (H)  are  from  here. 

The  island  just  east  of  this  one  is  composed  of  the  same  porphyritic 
k  with  beds  (for  it  certainly  is  bedded  in  places)  of  a  fine  crystal- 
3  greenstone.  It  is  astonishing  how  quickly  an  apparently  massive 
eous  rock  can  become  gneissoid  and  then  schistose.  There  seems 
)e  no  choice  between  hornblende  and  mica;  of  two  specimens  taken 
of  the  solid  rock  less  than  three  feet  from  each  other^  one  is  mi- 
sous  and  the  other  hornblendic.  Nos.  118  (H),  118  A  (H),  119  (H) 
120  (H). 

he  same  porphyritic  rock  forms  the  American  shore  for  a  long  way. 
ihe  river.  It  contains  masses  of  mica  schist  in  it,  entirely  sur. 
ided  by  the  porphyry  and  merging  into  it.  There  are  straight, 
l-defined  bands  of  greenstone  in  it  that  seem  to  be  dykes.  The 
,  one  met  with  was  hard  trap  at  the  west  end,  and  schistose  rock 
feet  farther  east.  Nos.  121  (H)  and  121  A  (H). 
urther  along  is  a  dike  six  feet  wide  cutting  right  through  the  por- 
ry.  Its  direction  is  N.  72°  E.  Dip  S.  62°.  On  the  surface,  por- 
ts of  this  dyke  look  much  like  the  porphyry,  but  of  finer  composi- 
The  edges,  however,  are  well  marked  and  the  contact  abrupt. 
L  122(H)  and  122A(H). 

Dmetimes  the  green  mineral  in  the  porphyry  is  like  chlorite  and 
feldspar  is  pink  instead  of  cream-colored  or  white  as  in  most  of 
No.  123  (H). 

ist  beyond  the  dyke  last  mentioned  the  porphyry  contains  masses 
rreenstone  several  feet  in  diameter,  and  winds  and  twists  al 
nd  them.  The  most  of  this  greenstone  is  similar  to  the  dyke 
"So.  122  (H),  but  on  one  side  of  one  of  the  inclusions  is  regular 
i  schist  which  grades  into  the  "greenstone.**     No.  124  (H). 

!•  rock  ha«  a  semi-crystalliDe  groandmase  bat  is  called  porphyry  here  for  convenience. 
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Fig.  7. — Dijice  cutting  porphyritic  breccia.  Rainy  Lake  rii-er. 


Tliia  ]jori>Iiyritic  gnpisa  continues  up  to  Fort  Francis,  where  it 
forms  »  waterfall  tweuty-five  feet  high.  At  this  place  tlie  rock  has 
been  blustcd  out  to  a  depth  of  thirty  feet  to  make  a  lock-  The  entire 
rock  19  shown  by  this  means  to  contain  the  rounded  lumps  of  dark 
schist  of  all  sizes  up  to  several  feet  in  dianiotor,  to  a  depth  of  at  least 
thirty  feet.  No.  125  (H).  There  seems  to  huve  been  some  miglity 
metamorphosing  agent  at  work,  which  uplifted  and  changed  a  belt  of 
mica  schist  into  porphyritic  gneiss.  The  general  directioa  of  this 
ridge  or  belt  of  altered  schist  is  from  N,  W.  to  S.  E.,  i.  e.,  if  the 
similar  rock  at  the  west  end  of  Pelican  lake  be,  as  seems  probable,  a 
continuation  of  this  same  rock. 

Half  a  mile  above  the  falls,  on  the  American  side,  is  a  low  oatcrop 
of  syenite,  porphyritic  with  red  and  green  f<-Msp^.  The  red  is  Tery 
decidedly  red,  but  seems  to  be  orthoclase.     No.  126  (H).  ' 

About  a  mile  further  is  an  outcrop  of  mica  schist  in  vertical  strata, 
ivith  a  strike  N.  48°E.  It  appears  the  sam>^  as  usual,  and  has  nothing 
to  show  that  it  is  so  near  an  extensive  belt  of  metamorphism.  The 
sihores  of  the  sluggish  stream  conform  to  the  sttike  of  this  achiat  all 
the  way  to  Rainy  lake.  Some  of  it  is  exceedingly  soft  and  fine,  and 
crumbles  easily. 

The  seconil  rapid  below  the  lake  is  over  mica  schist  which  contains 
many  small  quarts  veins.  Strike  is  N.  5i°  E  ;  dip  north  at  a  high 
angle. 

The  rock  on  the  Canadian  side  at  the  Agency  is  hard  and  jointed 
und  bears  evidence  of  considerable  baking.     No.  i3T  (Hj, 
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Mica  schist,  much  jointed  and  with  fine  veins  of  quartz  and  gneiss, 
is  seen  in  a  low  outcrop  on  the  point  in  N.  W.  i  sec.  29,  71-23.  On 
the  east  side  of  this  point  the  schist  seems  to  be  of  two  kinds;  one 
siliceous  and  granular  crystalline,  the  other  soft  and  fine,  both  mixed 
and  twisted  up  together.  No.  128  (li)  shows  the  two  kinds  in  con- 
tact. In  the  small  bay  around  this  point  are  many  large  boulders  of 
^eiss,  schist  and  greenstone. 

The  point  in  the  N  E.  i  sec.  29.  71-23,  is  a  low  exposure  of  mica 
schist.  The  general  strike  is  N.  70''  E.  There  are  beds  of  a  semi- 
crystalline,  grayish-green  rock  in  the  schist  and  running  in  the  same 
general  direction,  but  sometimes  cutting  the  beds.  This  rock  weath- 
ers faster  than  the  schist  and  the  surface  is  white  from  the  feldspar  in 
it.  It  contains  also  pyrite,  hornblende  and  a  soft  green  mineral,  prob- 
ably chlorite.  There  are  three  of  these  beds  on  this  point.  No.  129 
(R).  The  dip  of  the  schists  is  north  at  a  high  angle  There  are  small 
yeins  of  quartz  and  granite  in  the  schist. 

The  point  in  the  N.  W.  i  sec.  !;53,  71-23,  is  composed  of  mica  schist. 
Dip.  is  N.  72\  Strike  N.  70^  E.  The  strata  of  schist  vary  in  differ- 
ent parts.  One  side,  presumably  that  which  was  originally  at  the  bot- 
tom, is  coarser  and  darker  than  the  other.  When  therefore  the  coarse 
side  of  one  stratum  comes  in  contact  with  fine  upper  side  of  another 
stratum  they  do  not  look  like  the  same  rock.  The  finer  side  of  the 
beds  is  the  north  side  at  this  locality.  No  limestone  boulders  have 
been  seen  since  reaching  the  lake.  The  schist  at  this  place  contains 
yeins  of  dark  red  quartz.     No.  130  (H). 

Around  the  point  the  rock  becomes  coarser  and  contains  grains  of 
siliceo-feldspathic  material.     Glaciation  N.  32^  E.  No.  13 L  (H). 

In  th^  center  of  sec.  28,  71-23,  the  rock  is  a  very  fine,  hard,  green 
schist.  The  mica  which  it  contains  is  exceedingly  fine.  No.  132  (H). 
The  surface  of  this  schist  is  sometimes  covered  with  long  slender  crys- 
tals of  hornblende.     No.  133  (H). 

Along  the  shore  in  the  N.  E.  i,  sec.  28,  71-23,  the  schist  contains 
many  very  ferruginous  quartz  veins.  Some  of  the  beds  of  schist  are 
quite  decayed  and  jointed  on  account  of  the  iron  in  them. 

In  this  locality  there  is  a  trap  dyke  nearly  3  feet  wide  running 
£.  W  S.  across  and  through  the  beds  of  schist.  It  does  not  seem  to 
incline  any  from  vertical.  The  surface  of  the  rock  is  covered  with 
small,  green  crystals  that  look  like  epidote,  but  seem  too  soft.  Nos. 
134  (H)  and  134A  (H.) 
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A  little  farther  east  is  much  more  of  the  ferra^^nous  schist  in  Urn 
soft  beds.  No.  135  (H.)  The  general  dip  here  is  N  45".  SmiU, 
crooked  beds  of  granulyte  occur  in  the  schist  and  appear  to  becoM 
more  uumeroas  toward  the  east.  The  strike  has  changed  to  E  10* & 
Boulders  of  gneiss  and  mica  schist  interstratified  with  each  otherin 
becoming  very  numerous.  The  schist  is  occasionally  quite  hard  id 
contains  some  hornblende.     Dip  is  N.  40°.     No.  136  (H.) 

On  one  of  the  numerous  sand  beaches  is  a  deposit  of  very  greei 
sand.  It  looks  like  the  mineral  seen  on  the  surface  of  the  dyke  rock. 
No.  134  A  (Ho 

There  is  another  small  dyke  a  little  coarser  than  the  last  a  liVk 
farther  east.  Its  direction  is  N.  60^  E.  It  is  about  2  feet  wide  anl 
weathers  light.green  on  the  surface.    No.  138  (H). 

The  beds  of  schist  begin  to  be  very  different  from  each  other  anl 
contain  much  quartz  and  feldspar  besides  an  andetermined  green  mii- 
eral.  No.  139  (H).  A  little  further  along,  still  in  sec.  28,  71-23,  tk 
schist  becomes  very  thin,  bedded  and  fiue-grained  and  liesialoBg 
parallel  beds.  Strike  is  N.  72<^  E  ,  No.  140  (H).  Some  beds  in  the 
schist  here  are  quite  hydro- micaceous.     No.  141  (H). 

The  south  side  of  the  small  island  in  N.  E.  i  sec.  28,  71-23,  is  fom- 
ed  of  mica  schist.  Lying  against  it  upon  the  north  is  white  granite 
or  gneiss.  The  contact  is  abrupt  and  distinct;  but  the  granite  hn 
sent  out  branches  that  cut  the  schist,  and  has  also  enclosed  a  fev 
pieces  of  schist  in  it.  The  granite  is  cut  by  intrusions  of  granalyte 
and  granite  containing  but  a  little  mica.  The  only  evidence  of 
gneissoid  structure  is  the  arrangement  of  the  minerals  in  parallel  linei. 
These  have  about  the  same  general  direction  as  the  schist,  viz.  H. 
60^  E.  The  masses  of  schist  that  are  enclosed  in  the  gneiss  are  an* 
altered  and  seem  to  have  retained  their  strike  and  dip.  Nos.  142  (H) 
and  143  A  (H).  The  larger  island  at  this  same  plaf e  is  composed  al- 
most entirely  of  granite.  In  one  place  only  a  few  short  beds  of  schiil 
were  seen.  The  middle  of  the  island  rises  25  feet  above  the  water 
There  are  small  masses  of  schist  enclosed  in  the  granite  ia.varioiv 
places.     No.  144  (H). 

In  the  N.  E.  i  sec.  27,  71-23,  the  schist  lies  against  the  gneiss  al 
along  the  coast.  They  are  mixed  and  cut  and  twisted  up  together  ii 
a  remarkable  fashion.  Long  feelers  of  the  gneiss  or  granite  stretcl 
off  through  and  across  the  beds  of  schist,  and  from  them  branch  oa 
smaller  winding,  twisting  veins  in  all  directions.  The  general  line  o 
contact  seems  to  be  in  the  direction  of  the  bedding  of  the  schist. 

In  the  N.  E.  i,  of  N.  E.  i,  sec.  27,  71-23,  is  a  dyke  which  is  35  pace 
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^tum  one  side  of  it  to  where  it  goes  ander  the  water  and  disappears. 
On  the  west  side  it  is  a  fine  diabase.  This  becomes  coarser  and  coarser 
toward  the  middle  of  the  dyke.  The  rock  on  the  west  side  of  it  is 
fine,  hard  mica  schist.  The  line  of  the  west  side  of  the  dyke  runs  E. 
etrS.  Glacial  marks  are  N.  40"  E.  Nos.  145  (H).  145A  (H).  145B 
<H).  145C  (H),  145D  (H),  145E  (H)  and  145F  (H),  show  the  change 
in  the  rock  in  crossing  the  dyke. 

The  coarsest  side  of  this  dyke  which  is  naturally  supposed  to  be  the 
middle,  is  at  the  water's  edge,  and  it  can  not  be  determined  where  the 
rest  of  it  has  gone  or  whether  there  is  any  more.  If  the  coarsest  part 
is  the  middle,  the  dyke  is  210  feet  across. 

Jack  pine  trees  are  numerous  in  this  region.  Not  one  was  seen  on 
the  Litt[e  Fork. 

The  dyke  mentioned  above  continues  to  form  the  shores  of  the 
ialinds  and  main-land  for  a  long  distance  going  E.  50"^  S.  Its  edges 
are  irregular  and  sometimes  penetrate  a  long  distance  into  the  schist; 
bat  the  line  of  contact  is  always  distinct.  This  dyke  probably  con- 
tains magnetite;  as  the  compass  is  disturbed  by  its  proximity.  Some 
of  it  contains  epidote.    No.  146  (H). 

The  long  point  in  sec.  26171-23,  is  composed  of  micaceous  and  hydro- 
micaceoat  schist  containing  quartz  in  veins. 

A  round  polished  knob  of  the  dyke  rock  sticks  up  in  the  middle  of 
the  bay  south  of  the  east  end  of  the  point  mentioned  above.  This  is 
Tery  finely  marked  by  glaciation.  The  augite  crystals  are  arranged  in 
long  rows  which  run  at  about  right  angles  to  the  glacial  marks. 
There  is  so  much  disturbance  of  the  needle  here  that  direction  can 
not  be  determined  by  the  compass. 

On  the  south  side  of  the  bay  in  sec.  26,  71-23,  is  what  appears  to 
be  the  continuation  of  the  dyke.  It  contains  beds  of  coarse,  dark 
fchist  running  N.  70''  E.  No.  148  (H).  In  some  places  this  very  trap 
rock  has  a  bedded  structure  and  almost  becomes  schist  with  a  strike 
similar  to  that  of  all  the  schists  in  this  region,  and  apparently  in 
vertical  beds.     Nos.  149  (H)  and  149  A  (H). 

In  the  S.  W.  i,  sec.  25,  same  township,  this  diabase  has  all  grad- 
uated into  a  rock  that  is  very  plainly  gneiss;  and  going  a  little  farther 
Boatb  across  the  strike  it  is  still  further  changed  into  thin-bedded 
gneiss  and  finally  into  mica  schist  with  the  ordinary  strike  and  dip. 

In  the  S.  E  i  of  S.  W.  i,  sec  25,  71-23,  is  a  high  bare  knob  of  mica 
Bcbist.  It  contains  a  quartz  vein  three  or  four  feet  thick  running 
across  the  beds.  There  are  also  beds  containing  an  unknown,  heavy, 
black  mineral.     No.  150  (H). 
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In  the  S.  E.  i  of  S.  E.  i^  sec.  25,  71-23,  the  shore  is  compoieitf 
dioryte  (?).  This  becomes  fiuer  toward  the  south  until  it  ^adaite 
into  dolery te  or  tra)).  Then  comes  a  fine-grained,  thin-bedded,  gnei 
schist  dipping  north  at  a  high  angle  and  with  a  strike  N.  80**  E.  Iti 
contact  with  the  dolery  te  is  abrupt  and  irregular.  The  hillsriiel} 
feet  above  the  lake  and  are  almost  bare.  The  schisfc  is  quite  siliceooi 
and  finely  micaceous.  No.  151  (H).  This  dyke  seems  to  be  the  con- 
tinuation  of  the  large  one  mentioned  above,  but  is  narrower  here. 

In  the  S.  W.  i,  sec.  30,  71-22,  the  mica  schist  is  conglomeritic, 
containing  innumerable  flattened  pebbles  and  boulders  all  change! 
into  rock  very  similar  to  the  schist.  No.  152(H).  There  is  alsos 
greenish  mica  schist  here  that  is  very  smooth  and  even  in  its  compo- 
sition and  seems  to  be  in  thicker  beds  than  the  rest.     No.  153  (H). 

A  little  farther  east  in  sec.  30,  71-22,  the  schist  assumes  the  appear- 
ance of  a  decided  conglomerate,  containing  pebbles  of  granite, 
quartzyte  and  schist  as  large  as  eight  inches  in  diameter.  On  a 
smooth  surface  they  show  very  plainly.  No.  154  (H).  Some  of  the 
beds  of  schist  are  light-colored  and  are  more  like  gneiss.  No.  155  (H). 
Some  of  the  schist  also  contains  bydromica  in  place  of  mica. 

In  the  S.  E.  i,  sec.  30,  71-22,  the  schist  contains  less  and  less  mica 
until  it  becomes  almost  a  fine  granulyte  or  quartzyte.  Nos  156  (H)» 
156  A  (H)  and  156  B  (H).  Near  the  east  side  of  sec.  29,  71-28,  the 
glaciation  is  N.  60°  E. 

There  is  a  great  deal  of  bydromica  schist  on  an  island  in  the  N.  E^ 
i  sec.  32,  71-22.  For  a  mile  or  two  west  of  here  the  bluffs  40  feet  high 
are  composed  of  light-colored  siliceous  schist.  At  this  place  the  schist 
is  very  fine  and  hydromicaceous,  and  contains  beds  of  the  light-color- 
ed  schist.     Dip  is  N.  45\     No.  157  (H). 

The  point  in  the  north  half  of  sec.  33,  71-22,  is  composed  of  mica 
schist  that  rises  50  feet  above  the  lake.     It  stands  in  vertical  strata. 

The  point  in  S.  E.  \  of  N.  W.  i.  sec.  33,  71-22,  contains  two  or 
three  quartz  veins,  one  three  feet  thick,  running  with  the  bedding  N. 
48°  E.  The  schist  stands  on  edge.  It  contains  beds  of  hard  gueissoii 
rock. 

In  the  S.  W.  i  of  S.  W.  I  sec  34,  71-22.  the  strike  of  tht  schist  i» 
east  and  west.  Some  of  it  is  beautifully  fine  and  soft;  and  some  is 
folded  and  wrinkled  in  parallel  beds.  The  dip  is  north  at  ahigb 
angle. 

Along  the  west  side  of  see.  3,  70-22,  the  schist  is  in  thin,  straii^ht 
beds  dipping  north  at  a  lower  angle  than  usual.     There  are  also  bed» 
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F  gn«is8  in  it  and  numerous  quartz  veins.     The  general  strike  is 
boot  E;  dip  is  N.  50'. 

In  the  N.  E.  i  of  N.  W.  i,  sec,  10,  70-22,  is  an  outcrop  of  gneiss 
lowing  for  several  rods  along  the  shore.  It  contains  irregular 
atches  of  hard,  coarse,  hornblendic  mica  schist.  The  gneiss  has  an 
Tegnlar  contact  with  the  schist  and  encloses  some  of  it.  The  schist 
a  the  east  side  of  the  gneiss  dips  N.  40^—50°.  No.  158  (H).  Strike  is 
u40'^  S.  In  the  east  half  of  sec.  10,  the  strike  vee^s  around  until  it  is 
I-  TO*  S.  and  even  E.  80°  S.  This  schist  is  thick-bedded  and  dips  N. 
L40". 

The  round  point  in  the  S.  i  sec.  10,  70-22,  is  composed  of  a  gneissoid 
liea  schist  very  much  jointed.  Strike  is  E.  40""  S. 
Mica  schist  is  exposed  in  S.  W.  i  sec.  13,  70-22.  It  is  quite  feld- 
>athic,  soft  and  crumbling.  There  are  very  few  exposures  in  this  bay 
bich  is  called  Black  Bay  by  the  white  settlers  of  the  region,  and 
^azoshkatabiwi,  or  Rat  Boot  lake  by  the  Indians.  Most  of  its  shores 
■e  marshy  and  the  bay  itself  is  full  of  rushes  and  rice. 
Near  the  east  side  of  sec.  18,  70-22,  the  schistose  gneiss  strikes  east 
id  dips  N.  48°.  A  good  portage  of  about  a  mile  connects  Black  Bay 
ith  Eabetogamak  {the  lake  that  lies  along  the  sule).  On  the  portage 
.  sec.  19,70-21»  ridges  of  gneissoid  mica  schist  are  crossed  which 
end  N.  70o  to  N.  80°  E.  •  No.  160  (H). 

In  the  N.  W.  i  of  S.  E.  ^  of  the  same  section  mica  schist  occurs 
iterbedded  with  coarse  gneiss.  Strike  N.  70°  E.  Dip  N.  58°. 
In  the  S.  E.  i  of  S.  W.  i  sec.  27,  70-18  the  beds  of  schist  have  a  dip 
.  80°;  strike  is  N.  84°  E.  The  point  near  the  center  of  S.  W.  i  sec. 
7,70-18  is  made  of  perfectly  straight  parallel  beds  of  schist  standing 
learly  vertical.  There  are  also  a  few  beds  of  gneiss.  Some  of  the 
Dcdshave  a  high  dip  to  the  south.  No.  176  (H)  from  this  place  con- 
tains green  muscovite. 

Biotite,  muscovite  schist  is  found  in  N.  W.  i  oF  N.  E  i,  sec.  28,  70- 
Wi  dipping  S.  76°.  Strike  is  E.  There  are  narrow  beds  of  gneiss, 
ptnite  intrusions  and  quartz  veins  in  the  schist  here. 

In  the  S.  E.  i  of  S.  W.  i  sec.  21,  70-18,  the  schist  dips  S.  73°.  It 
wntains  a  few  thin  beds  of  gneiss.  Glaciation  is  N.  40°  E.  Strike  i» 
K.  SS'^E.  Boulders  are  numerous  here.  No.  178  (H),  A  little  way 
north  is  a  granite  intrusion  that  cuts  the  beds  of  schist  considerably. 
"18  four  feet  thick  and  contains  coarse  orthoclase  and  muscovite  like 
weregnlar  beds  of  gneiss.  A  few  rods  further  north  is  another  in- 
tnnion  of  granite  having  a  general  direction  N.  50°  E.  It  is  quite 
*<>nne  and  is  porphyritic  in  places.     There  is  a  gneissoid  structure  run- 
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iiing  directly  across  the  intrusion,  the  minerals  and  the  weathering 
both  showing  it  plainly.     No.  179  (H). 

The  schists  north  of  this  for  some  distance  are  not  so  regular,  bat 
are  more  thickly  bedded.  They  weather  into  irregular  lumps  and  not 
into  thin  sheets  as  usual.  There  are  occasional  narrow,  winding  in- 
trusions of  granite  about  six  inches  thick,  that  seem  to  be  filled  with 
muscovite  in  plates  half  an  inch  to  an  inch  in  length. 

In  the  N.  W.  J  of  S.  W.  i,  sec.  21,  70-18,  are  numerous  intrusions, 
all  having  a  generil  trend  of  N.  50  E.— N.  WE.  They  generally 
have  a  dip  similar  to  the  schist.  They  frequently  contain  large 
orthoclase  crystals  which  have  quartz  in  them,  thus  forming  a  graphic 
granite.  No.  1&}A  (H).  Some  of  the  schist  contains  red  beds  in 
which  all  of  the  ingredients  have  a  reddish  tinge. 

Occasionally  the  intrusions  are  quite  gneissic.  No.  182  (H)  is  a 
sample  from  one  of  them  that  winds  around  and  cuts  across  the  beds 
of  schist,  and  is  finally  pinched  down  from  thirty  inches  to  two  inches 
in  thickness.  Some  of  these  intrusions  are  garnet iferous.  No. 
183  (H). 

There  is  a  small  rock  island  in  the  S.  E.  i  of  S.  W.  i,  sec.  21, 
70-18,  that  seems  to  form  part  of  a  very  large  granite  intrusion.  It 
runs  across  to  the  north  end  of  the  larger  island  east  of  it,  where  it  is 
about  70  feet  wide.  It  trends  N.  55'£.  It  is  composed  mainly  of 
graphic  granite,  which  contains  coarse  muscovite  and  garnets  and  be- 
comes gneissoid  in  places.  No.  184  (H).  There  are  also  large  and 
small  masses  and  bunches  of  silvery  or  light-greenish  quartz  and 
mica  in  fine  grains  and  scales,  arranged  in  fibrous  rays.  It  occurs  in 
considerable  quantities  in  this  locality.  No.  184A  (H).  Perhaps  the 
term  "greisen'*  might  be  applied  to  this  rock. 

Beds  of  gneiss  are  seen  in  S.  E.  i  sec.  20,  70-18,  having  a  very  gneiss- 
oid appearance  and  striking  N.  60""  £.  They  also  contain  the  peculiar 
masses  of  quartz  and  muscovite.     No.  186  (H). 

Just  east  of  the  last  the  schist  is  remarkably  straight  and  smooth. 
Strike  is  N.  83^  E.     Dip  S.  80°. 

On  the  point  in  the  S.  E.  corner  of  S.  W.  i  of  S.  W.  i,  sec.  20,  70- 
18  is  a  curious  example  of  the  way  in  which  the  granite  intrusions  cut 
the  schist  and  twist  about  in  it. 

The  beds  of  gneiss  are  quite  coarse  and  contain  considerable  quarts 
and  muscovite.  The  orthoclase  is  yellow.  The  schist  aboutas  usual. 
Strike  N.  84^  E. 

In  the  N.  W.  i  S.  E.  1,  sec.  19,  70-18,  are  more  large  and  small  beds 
of  gneiss.     Some  of  them  conform  with  the  strike  of  the  schist  hert. 
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Gneiss  and  mica  schist   cut   by   granite,   L.  Kahetogamak, 
8.  E.  i  sec.  31.  70-21. 
leda  of  gneiss  are  qaite  coarse  and  contain  considerable  quartz 
scovite.    The  orthoclase  is  yellow.    The  schist  about  as  usail. 
S.  84°  E. 

e  N.  W.  i,  S.  E.  i,  sec.  19,  70-18,  are  more  large  and  smttU  bedi 
S9.  Some  of  them  conform  with  the  strike  of  the  schist  here. 
ittle  singular  that  all  the  lAtrusions  observed  for  several  miles 
here  have  a  general  trend  N.  60"  E.  and  the  schist  N.  80'  E. 
e  schist  strikes  N.  74"  E.  and  dips  S.  80''.  The  beds  or  iDtru- 
'  gneiss  still  contain  considerable  quantities  of  the  above  men- 
*adiated  quartz  and  muacovite. 

is  place  is  a  bed  of  gneiss  that  cuts  across  the  schist  for  some 
>,  then  comes  into  conformity  with  it  and  all  at  once  splits  up 
n  beds  an  inch  or  two  thick  and  becomes  lost  in  the  schist.  It 
ir  two  feet  wide  at  the  start  and  maintained  its  thickness  until 
ed.  These  intrusions  or  beds  of  gneiss — for  either  name  seems 
:  times, — frequently  enclose  long  strips  of  schist  which  some- 
laintain  their  usual  strike  and  sometimes  take  that  of  the  sur- 
ig  and  enclosing  rock.  Glaciation  is  N.  44*  E  Some  of  the 
I  in  the  schist  are  half  an  inch  deep  and  an  inch  wide, 
'times  the  gneiss  laps  over  and  lies  upon  the  edges  of  a  good 
>eds  of  schist  33  if  it  had  been  squeezed  up  and  out,  and  had 
over.  Most  of  it  is  porphyritic. 
e  S.  W.  i  of  S.  W.  I  sec.  19,  70-18,  the  schist   occurs  in  beds 
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which  avpr&ge  about  two  feet  thick  and  strike  N.  li'^  E,  with  a  dip  S. 
82".  It  is  uuiforo)  and  regular.  There  are  large  intrusions  of  granite 
running  through  it,  N.  40'  E.  Part  of  the  west  side  of  a  bluff  has 
fallen  into  the  lake  and  left  a  fresh  break  showing  graphic  granite 
containing  muscovite  Each  individual  crystal  of  orthoclase  seems  to 
contain  quartz  grains  running  in  the  same  direction  through  it  ac- 
cording to  some  cleavage  or  other  natural  tendency  in  the  feldspar. 
Two  crystals  of  orthoclase  are  never  seen  side  by  side  with  the  quarts^ 
running  the  same  way  in  both;  but  in  each  individual  however  large 
the  quartz  ''characters'*  are  all  parallel  or  at  right  angles  to  each  oth- 
er.   No.  187  (H). 

In  the  S.  £  i  sec.  24,  70-19,  the  schist  rises  in  bluffs  twenty -five  feet 
above  the  lake.  There  is  also  much  gneiss  here.  Some  of  it  contains 
large  quantities  of  immense  biotite  scales.  The  strike  of  the  schist 
here  is  N.  74°  E,  dip  is  S.  74^  The  schist  here  is  regular  and  uninter- 
rupted in  perfectly  even,  thick  beds  for  one  hundred  feet  at  a  time. 
Glacial  striations  N.  46°  E. 

The  point  at  the  south  line  of  S.  E.  i,  sec.  23,  70-19,  is  composed  of 
gneiss  containing  much  of  the  quartz  and  mica  masses  and  graphic 
granite.    No.  188  (H)  is  from  a  mass  of  the  former  two  feet  long. 

The  N.  E.  I  of  N.  E.  i,  sec.  27,  70-19,  is  composed  of  mica  schist, 
with  a  strike  N.  76''E  and  dip  S.  80^,  and  large  beds  of  gneiss. 
Glaciation  is  north  50°E.  A  little  east  of  here  the  straight  walls  of 
mica  schist  and,  in  one  place  of  gneiss,  rise  up  thirty  feet  from  the 
water's  edge,  covered  with  moss  and  lichens.  The  trees  are  mostly  a 
thick  growth  of  small  spruce  and  Jack  pine. 

The  point  in  the  S.  W.  i  of  sec.  23,  70-19,  is  composed  of  mica 
schist  and  gneiss.  The  latter  i^  full  of  radiated  masses  of  quartz  and 
mica  in  fine,  glistening  scales.  It  seems  to  have  been  pushed  over 
the  beds  of  schist  in  a  plastic  condition  and  to  have  a  sort  of  horizon- 
tal gneissoid  structure.  It  is  quite  coarse,  and  is  porphyritic  in 
places.     The  strike  of  the  schist  is  N.  84''E. 

Fine-grained  patches  are  often  seen  in  these  intrusions  or  beds  of 
gneiss.  The  fine  parts  are  often  porphyritic,  with  perfect  orthoclase 
crystals  six  to  ten  inches  across.  Frequently  there  are  beds  of 
pebbles  and  accumulations  of  boulders  on  a  point  or  in  some  recess 
where  there  is  a  large  bed  of  gneiss.  These  pebbles  and  boulders  are 
principally  of  the  same  rock  as  that  directly  beneath  and  around 
them;  and  seem  to  have  been  formed  right  there  by  the  action  of  frost 
and  waves  of  the  lake.    No.  190  (H). 

The  rock  in  N.  W.  i  sec.  20,  70*19,  is  principally  mica  schist. 
Strike  is  N.  70^  E.    Dip  S.  80°,  in  thick  beds.    No.  191  (H). 
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ne  hard  nodnles  in  it,  as  there  are  most  everywhere,  that  stand  out 
n  knobs  and  sheets  and  all  sorts  of  odd  shapes  on  weathered  surfaces. 
!t  ilso  seems  to  be  cut  by  hard  veins  of  matter  which  cross  themselves 
ind  make  a  net-work  of  little  ridges  on  the  weathered  surfaces.  They 
lonot  seem  to  have  any  influence  on  the  cleavage  of  the  rock. 

la  the  S.  E.  i  sec.  19,  7049,  there  is  a  bed  of  chloritic  (?)  mica 
ichist  in  the  other  schist.  It  is  four  or  five  feet  thick  and  contains 
uoch  black  mica  in  scales.  It  is  cut  off  by  an  intrusion  of  granite 
irhich  crosses  the  east  end  of  it;  and  hidden  by  the  lake  on  the  west, 
[ts general  trend  is  N.  80''  E.  No.  192  (H),  There  are  hard  veins  run- 
ling  through  it  that  seem  to  have  been  gneissoid,  but  now  contain 
hornblende  or  chlorite  and  but  little  mica. 

The  point  of  the  island  in  S.  E.  i  of  X.  E.  i,  sec.  24.  70-20,  is  com- 
MMed  of  garnetiferous  gneiss,  porphyritic  with  very  large  orthoclase, 
md  containing  quantities  of  the  masses  of  mica  scales  and  quartz 
grains.     All  of  the  large  orthoclase  crystals  are  pcgmatitic. 

The  mica  schist  in  the  S.  W.  i  of  N.  E.  i,  sec.  23,  70-20,  strikes  E. 
rCy'S;  dips  S.  W.  78^;  and  has  glacial  marks  N.  46*'E.  It  is  in 
hick  beds,  and  the  mica  is  biotite.  There  are  beds  of  porphyritic 
gneiss  here  as  everywhere  in  this  region,  only  this  has  more  of  the 
adiated  accumulations  of  mica  and  quartz.  There  is  often  a  decidedly 
^neissic  structure  in  these  beds,  but  they  are  generally  without  it. 

The  schist  in  the  N.  E.  i  of  S.  E.  i,  sec.  16,  70-20,  is  quite  thick- 
bedded  in  nearly  vertical  strata.  Strike,  N.  80*'E.  Glaciation,  N. 
t5®E.  There  are  but  few  granite  intrusions  in  this  region,  and  the 
shores  are  lower  and  frequently  covered  with  vegetation  down  to  the 
water's  edge.  The  lake  at  this  time  was  unusually  high.  Streams  of 
water  weVe  pouring  into  it  on  all  sides  from  places  where  usually 
there  is  no  stream  at  all.  There  was  a  cascade  over  each  bluff,  and  a 
roaring  little  torrent  down  each  ravine. 

In  the  N.  E.  i  of  N.  W.  i.  sec.  15,  70-20,  the  schist  lies  flat,  in 
thin  laminae  or  plates.  For  several  rods  along  the  water's  edge  the 
flat  schist  lies  piled  up  six  or  eight  feet  above  the  water,  like  slabs  in 
a  wood  pile.  No.  193  (H).  This  continues  around  the  point  for 
lome  distance,  becoming  thicker  and  coarser.  From  here  it  goes  on 
fetheS.  E.  i  of  S.  W.  i,  sec.  10  in  a  rather  confused  and  disturbed 
^ay,  now  dipping  north,  now  south  and  now  lying  flat.  This  seems 
^  he  the  middle  of  an  anticlinal, — and,  in  fact,  the  dip  soon  becomes 
P^anently  to  the  north.  Beds  of  gneiss  are  still  seen  in  the  schist, 
I^Qt  here  they  too  are  broken  and  discontinuous.  Around  the  point 
hrther,  beds  of  schist  two  and  three  feet  thick  dip  N.  40^"  to  N.  60^. 
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Strike  is  N.  SO'^E.  Some  of  the  schist  here  is  very  rich  in  garneta. 
Nos.  194  (H)  and  194A  (H). 

On  the  N.  E.  i  of  N.  E.  i  sec.  16.  and  S.  E.  i  of  S.  E  i  sec.  9,70- 
20,  the  schist  is  flat  again.  It  rises  twenty  feet  above  the  lake.  Then 
is  a  bed  of  gneiss  which  has  come  up  through  with  a  dip  N.  60^;  ini 
there  are  other  small  granite  intrusions  that  lie  flat  and  cat  throogl^ 
the  gneiss  for  several  rods. 

In  the  S.  W.  i  of  S.  E.  i  sec.  9,  70-20  is  a  bed  of  gneiss  three  feet 
thick  that  lies  on  the  top  of  flat  beds  of  schist  all  the  way  around  {ke 
point. 

In  the  S.  W.  i,  of  S.  W.  i  sec.  9,  70-20  the  schist  is  still  distortd 
and  contains  garnets  and  considerable  biotite.  The  granite  intrusiooi 
run  more  irregularly  than  usual  through  the  schist  in  this  suppoael 
middle  of  an  anticlinal.  The  shores  are  all  much  lower  here  than  far 
ther  east;  and  are  inclined  to  be  marshy.  Veins  of  white  quarts  tf( 
or  three  feet  thick  are  common  in  this  locality. 

The  schist  in  the  S.  i  of  sec.  7,  70-20  has  a  north  dip  varying  fron 
BO'"  to  80^.  The  strike  is  E.  It  is  a  little  harder  here  than  usual  am 
contains  quartz  veins  and  garnets.  The  bedding  is  wavy.  No.  197(H) 

In  the  N.  E.  i  of  N.  E.  i  of  sec.  12,  70-21,  is  the  first  large  bed  o 
gneiss  that  occurs  along  here  for  several  miles.  It  embraces  seven 
masses  of  schist.  It  is  porphyritic  and  quite  gneissic  and  contain: 
much  peculiar  green  mica,  especially  near  the  contact  with  the  schist 
It  also  contains  a  few  garnets  and  has  quartz  veins  penetrating  ii 
The  schist  near  it  has  a  strike  N.  80^,  and  a  low  dip  to  the  north 
Nos,  198  (H)  and  198A  (H). 

In  the  N.  E.  i  of  N.  W.  i,  sec.  12, 70-21  the  schist  rises  about  thirtj- 
five  feet  above  the  lake.  It  strikes  N.  70^  E.  Long,  grayish-blue cijfr 
tals  of  cyanite  are  found  in  somequartzose  veins  near  the  water's  edge. 
Some  of  the  blades  of  this  mineral  are  six  inches  long.  No.  199(H). 

The  schist  in  the  S.  E.  i  of  S.  W.  i,  sec.  1,  70-21,  contains  man] 
quartzose  beds  and  one  or  two  veins  of  quarts.  There  are  numerou 
garnets  in  these  beds.     No,  200  (H.) 

The  walls  of  schist  on  the  north  side  of  the  bay,  in  sec.  1,  70-3- 
have  glacial  scratches  along  the  smooth,  perpendicular  sides  in  s 
directions,  but  the  majority  are  nearly  horizontal.  Sometimes  th 
mark  curves  around  a  point  or  corner  of  the  rock  and  continues  o 
the  other  side  as  if  the  ice  conformed  to  the  outlines  of  the  rock 
surface  and  walls. 

The  mica  schist  in  the  N.  E.  i,  sec.  6,  70-20,  is  in  thick  beds  th> 
strike  N.  70^E  and  dip  N.  35°  to  38°.  Long,  low  reefs  of  this  roc 
run  out  into  the  lake,  aud  the  shores  are  low.     Few  or  no  granite  c 
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g^neisB  beds  are  to  be  seen  in  this  region.     The  schist  is  exceedingly 
aniform  in  the  appearance  and  composition  of  its  strata. 

The  south  side  of  the  point  in  sections  31,  32  and  33,  71-20^  is  com- 
posed of  mica  schist  in  beds  of  different  degrees  of  hardness  and 
amount  of  mica,  but  which  have  a  general  sameness  of  appearance. 
At  the  end  of  the  point  is  some  porphyritic  gneiss  in  beds  runninjc 
about  N.  SO'^E.  The  general  strike  of  the  schist  is  N.  70^E;  the  dip 
N.  35^  In  places  there  is  a  jointage  structure  that  crosses  the  bed- 
ding and  divides  the  schist  into  angular  plates  and  prismatic  forms. 
The  south  side  of  this  point  presents  the  long  beds  broken  off  in  a 
succession  of  rows  that  resemble  walls  of  masonry  slanting  a  little  to 
the  north.  The  schist  on  the  north  side  of  the  point  in  S.  E.  i  (jf  N. 
W.  i,  sec.  33,  71-20,  strikes  N.  80°E.,  and  dips  N.  52^.  No.  201  (H). 
&mall  quartz  veins  occur  in  it,  running  with  the  strike.  The  mica  in 
some  of  the  schist  is  in  spots,  and  gives  the  rock  a  mottled  appearance. 

No.  203  (H)  is  hard  mica  schist  from  S.  W.  i,  sec.  29,  71-20.  It 
strikes  N.  76^E.  and  dips  N.  60^,  more  or  less.  The  schist  here  has 
some  appearance  of  being  conglomeritic.  It  is  in  very  thick  masses 
that  do  not  show  any  banded  structure,  as  some  of  the  sehist  does. 
A  little  further  west,  in  the  N.  W.  i  of  S.  W.  i,  sec.  29,  71-20.  there 
are  beds  of  schist  that  are  hydro-micaceous,  and  have  a  wary  struct- 
ure running  with  the  bedding.     No.  204  (H). 

Some  of  the  beds  in  the  mica  schist  in  the  S.  W.  i  of  S.  E.  i,  sec. 
26,  71-21,  are  quite  siliceous,  with  finely  granular  quartz.  No.  20& 
(H).  The  beds  here  are  vertical,  or  have  a  high  dip  to  the  north,  and 
the  strike  is  about  N.  80^  E.,  but  is  becoming  irregular  and  broken. 
No  beds  of  gneiss  are  seen  in  the  schist  here.  Quartz  veins  are  numer- 
ous. 

On  the  point  in  the  S.  E.  i  of  N.  W.  i,  sec.  35, 71-21,  the  mica  schist 
changes  gradually  into  a  rock  composed  principally  of  augite  (?).  It 
has  no  apparent  bedding  and  is  quite  massive  for  a  short  distance.  The 
continuation  of  it  is  lost  in  the  water.  This  change  takes  place  iu 
going  across  the  strike  from  north  to  south,  the  strike  being  about  E. 
Some  of  this  massive  rock  contains  glassy  quartz  in  veins.  The  schist 
here  is  finely  banded  and  dips  N.  72^.  Nos.  206  (H)  to  206  F  (H)  are 
from  this  place. 

The  point  in  the  S.  W.  i  of  N.  E.  i,  sec.  34,  71-21,  is  composed  of 
evenly-bedded  mica  schist.     Strike  N.  86°  E.  dip  N.  74°.     Glaciation 
N.  61°  E.     There  are  no  beds  of  gneiss  here;  but  quartz  veins  eight 
inches  to  two  feet  thick,  running  with  the  bedding  are  frequent.   These 
veins  are  sometimes  connected  by  cross-veins. 
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The  schist  in  the  S.  W.  i  of  the  N.  W.  i,  sec.  34,  71-21,  contains 
both  mica  and  hydromica.  Strike  is  N.  84^  E.  Many  of  the  strata 
have  reddish  veins  of  quartz  running  vrith  the  strike  and  scattered  all 
through  the  bed.     The  schist  is  also  garnetiferous.     No.  207  (H). 

Some  beds  in  the  schist  on  the  point  in  the  S.  W.  \  of  N.  W.  i,  sec. 
33,  71-21,  are  lighter  colored  and  more  siliceous  than  usual.  Strike  is 
N.  80^  E. ;  dip  is  about  vertical.  No.  208  (B).  The  schist  in  this  im- 
mediate vicinity  is  very  thin  bedded;  and  where  the  sheets  have  fallen 
over  into  the  lake  overlapping  each  other  they  look  like  shingles  on  a 
roof.  These  siliceous  beds  became  felsitic  in  the  N.  W.  i  of  N.  E.  i, 
sec.  32,  71-21.     Strike  is  N.  74'  E.,  dip  S.  60°.     No.  209  (H). 

No.  210  (II)  is  a  sample  of  mica  schist  from  the  S.  E.  i  of  N.  W.  i« 
sec.  ^,  71-21.  The  beds  here  are  about  vertical;  strike  N.  74°  E. 
Quartz  veins  are  numerous,  and  boulders,  of  which  we  have  seen  very 
few  if  any  in  the  last  three  townships,  are  becoming  more  plentiful. 

In  the  N.  E.  i  of  N.  W.  i.  sec.  31,  71-21,' the  schist  is  cut  slightly 
by  a  greenstone  dyko  six  inches  thick.  The  direction  of  the  schist  is 
about  E.  lO''  S.  and  that  of  the  dyke  is  E.,  although  it  curves.  No. 
211  (H).  This  is  the  first  greenstone  dyke  seen  since  coming  into 
this  lake  from  Kabetogamak. 

In  the  N.  E.  i  of  N.  W.  i,  sec.  31,  71-21,  the  schist  contains  several 
beds  of  a  light  color  that  seeji  to  be  composed  of  small  rounded  quartz 
grains,  biotite  scales  land  larger  scales  of  some  opaque  mineral,  proba- 
bly feldspar.  The  strike  here  is  N.  74"^  E.  The  schist  is  also  hydro- 
micaceous.  These  light  colored  beds  vary  from  an  inch  to  two  feet  in 
thickness.  Nos.  212  (H),  212A  (H)  and  212B  (H).  In  the  N.  E.  i 
sec.  36,71-22,  there  are  more  of  these  siliceous  beds  in  the  schist;  some 
of  them  are  felsitic  and  some  sericitic. 

The  schist  in  the  S.  E.  {  of  S.  E.  i,  sec.  24,  71-22,  contains  both 
mica  and  hydromica.  It  becomes  more  fissile  and  wavy  in  its  struct- 
ure toward  the  west,  and  in  the  S.  W.  i  of  S.  W.  i,  sec.  26,  71-22,  it 
is  very  schistose.  Here  there  are  many  quartz  veins  in  it,  and  little 
streaks  of  lighter-colored  feldspathic  beds.  The  dip  at  this  place  is 
north;  while  a  short  distance  east  of  here  it  is  distinctly  to  the  south. 
Strike  is  about  N.  74""  E.  There  are  numerous  thin  felsitic  beds  in 
the  schist  here. 

A  light-colored,  siliceous  schist  is  found  on  an  island  in  the  S.  E.  i, 
sec.  28,  71-22.  It  is  quite  hard,  and  does  not  weather  easily.  Strike 
is  N.  84"  E.     Glaciation,  N.  52"  E. 

The  south  side  of  the  island,  in  the  N.  E.  i  of  S.  W.  J,  sec.  28, 
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71-22,  is  composed  of  siliceous  schist  that  strikes  east,  and  stands  in 
Tertical  beds. 

The  east  end  of  the  island,  in  the  S.  E.  i,  sec.  19,  71-22,  is  com- 
posed of  hydromica  schist,  varying  to  gray  wackc,  and  even  to  a  harder, 
semi-crystalline  rock,  containing  chalcedonic  quartz,  opaque  feldspar 
and  pyrites.  The  general  strike  is  about  east;  dip  is  north  to  vertical. 
Some  of  the  schist  is  very  fissile,  and  some  has  almost  lost  its  schistose 
appearance.  Some  of  it  seems  to  be  chloritic;  and  all  of  it  contains 
considerable  carbonate  of  lime  in  the  seams,  and  to  a  certain  extent 
in  the  rock  itself.     No.  216  (H). 

In  the  N.  E.  i  of  S.  E.  i,  sec.  19,  71-22,  on  the  south  side  of  the 
large  island,  the  schist  is  diabasic,  and  assumes  a  jointed  structure; 
but  the  schistose  structure  is  still  everywhere  apparent.  Strike  is  N. 
74r  E.;  dip  north  at  a  high  angle.     No.  217  (H). 

No.  218  (H)  is  from  the  south  side  of  the  island,  about  a  quarter  of 
a  mile  west  of  last.  It  is  hydromica  schist,  that  dips  north,  and 
forms  the  highest  part  of  the  coast  in  this  place.  It  is  quite  schistose, 
and  contains  many  small  veins  of  quartz.     Strike  is  about  N.  76°  E. 

Mica  schist  is  again  found  in  the  S.  W.  i  of  S.  E.  i,  sec.  24,  71-23. 
It  contains  also  a  little  hydrated  mica.  Strike  is  about  N.  70°  E.; 
dip  at  a  high  angle  to  the  north.  Light-colored,  feldspathic  mica 
schist,  somewhat  stained  with  iron  rust,  is  found  in  the  S.  E  i  of  S. 
W.  i  of  the  same  section. 

In  the  S.  W.  i  of  S.  W.  i,  sec  24.  71-23,  is  a  ridge  of  doleryte  that 
becomes  very  coarse  near  the  top  and  middle  of  the  ridge.  It  has  an 
irregular,  abrupt  contact  with  the  mica  schist  on  the  north.  The 
general  direction  of  the  contact  is  N.  80^E.  It  rises  thirty-five  feet 
above  the  lake,  and  is  very  solid  and  massive.  Glaciation  is  N.  60^E. 
No.  220  (H). 

On  the  point  of  the  S.  E.  i  of  S.  E.  i,  sec.  23,  71-23,  this  doleryte 
rises  in  hills  at  least  eighty  feet  above  the  water.  It  is  an  exceed- 
ingly tough  rock,  and  causes  the  needle  to  point  south.  It  seems  to 
be  cut  by  veins  or  ''dykelets*'  of  fine  trap  in  places.  There  is  a  coarse 
jointage  structure  running  about  north.  This  structure  is  also  seen 
in  the  hardened  mica  schist  which  lies  at  the  east  side  of  the  dyke. 
Nos.  221  (H)  and  222  (H). 

No.  223  (H)  is  from  the  S.  W.  i  of  S.  W.  i,  sec.  23,  71-22.  It  is 
hard,  greenish  schist,  which  strikes  N.  75°E.  It  appears  to  be  semi- 
crystallized.  It  lies  between  mica  schist  on  the  south  and  hydromica 
schist  on  the  north. 
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Oil  tKe  portage  ia  sec.  10,  70-21,  ridges  of  giieissoid  mica  schiitt  are 
crossed  which  trend  N.  7l>=E.  to  N.  SCE.  lu  the  N.  W.  i  of  S.  E.  i, 
sea,  30,  70-21,  is  mica  schist  mixed  with  coarse  gneis3.  Strike  ia  K. 
70"E;  dipN.  5H\ 

The  small  island  in  the  S.  W.  i  of  S.  E.  i,  sec.  30,  70-21.  is  com- 
posed of  iiiterbeddcd  mica  schist  and  gneiss.  The  gneiss  is  quite 
coarse,  is  muscovitic  uud  lies  tn  thick  beds.  It  contains  also  a  little 
biotite.     No.  161  (H). 

The  mica  schist  in  this  region  is  often  cut  by  beds  or  veins  of  black 
mica  schist  that  weathers  sooner  than  the  rest  of  the  schist.  The 
gneiss  contains  pyrtte  and  some  small  crystals  of  a  black  mineral  like 
tourmaline.     It  also  contains  irregular  patches  of  the  schist. 

The  point  in  the  N.  E.  i,  sec.  31,  70-^1,  is  composed  of  interbedded 
£neiss  and  mica  schist.  The  gneiss  is  often  very  coarse,  containing 
mica  crystals  four  inches  long,  and  orthoclase  six  inches  across.  No. 
165  (II).  Both  schist  and  gneiss  are  cut  by  intrusions  of  granite  run- 
ning in  all  directions.  The  general  strike  is  N.  70''£;  dip  N.  45°  to 
50-. 

The  S.  E.  i  of  sec.  31,  70-21,  contains  a  point  nearly  bare  of  vege- 
tation, composed  of  rounded  knobs  of  gneiss  and  mica  schist  cut  by 
granite  intru^iions.  Some  of  the  orthoclase  crystals  in  the  gneiss 
measure  ten  inches  in  length.  The  strike  of  the  gneiss  and  schist  is 
N.  BO'-'E  The  following  diagram  shows  how  the  granite  cuts  the 
mica  schist. 
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Fig.  0.     Mica  .tcfiisl  cut  bif  granite.     liainiitakf,S.  W.  i,  spc.  20, 70-18. 
In  the  N.  E.  J  of  N.  W.  1.  se«6,  69-^1,  is  a  bold  bluff  of  gneiw, 


8TATB  GEOLOGIST.  427 

containing  some  mica  schist.  It  is  pegmatitic  also.  No.  162  (H). 
The  gneiss  is  very  coarse,  and  contains  large  crystals  of  muscovite. 
It  is  a  little  peculiar  that  the  mica  schist,  which  is  found  in  patches 
all  through  this  gneiss,  contains  chiefly  biotite  mica;  while  the  gneiss 
contains  muscovite.  There  is  some  muscovite,  however,  in  the  schist, 
and  a  little  biotite  in  the  gneiss.  No  163  (H).  The  graphic  granite 
here  seems  to  be  crystals  of  orthoclase,  two  feet  or  more  in  length, 
containing  quartz  The  surface  of  each  mass  of  feldspar  has  one 
common  cleavage,  and  reflects  the  sun  as  if  it  were  one  flat  surface. 

Mica  schist  and  gneiss  are  seen  in  the  N.  E.  i  of  N.  W.  i,  sec.  8, 
€9-21.  Strike  is  N  80*'  E.  There  seems  to  be  a  tendency  in  all  of 
this  gneiss  for  the  different  constituents  to  separate  from  each  other^ 
and  to  collect  as  much  as  possible  by  themselves. 

Gneiss  and  schist  are  found  in  the  N.  E.  i  of  the  N.  W.  i,  sec.  17, 
69-21.  Strike  is  N.  80°  E.  Dip  is  north,  at  a  high  angle.  When  the 
beds  of  gneiss  are  thin  the  crystals  are  smaller  than  in  the  thick  beds. 

Where  the  line  between  sees.  20  and  21,  69-21,  crosses  the  shore-line 
there  is  a  round  hill  of  gneiss  and  mica  schist  that  rises  at  least  fifty 
feet  above  the  lake.  The  feldspar  weathers  white  on  the  surface,  and 
makes  the  rock  quite  dazzling  in  the  sun.  There  is  less  mica  in  the 
gneiss  here;  but  the  beds  and  included  masses  of  mica  schist  are  quite 
common.  The  strike  is  N.  70°  to  N.  SO*'  E.  Dip  still  to  the  north. 
No  boulders  are  seen  at  the  west  end  of  this  lake. 

Oneiss  and  mica  schist,  with  an  east  and  west  strike  and  a  dip  N. 
16^  to  30°,  occurs  in  the  N.  E.  i  of  N.  W.  i,  sec.  27.  69-21.  A  few 
boulders  lie  along  the  shore  here;  but  no  drift  covers  the  rock  hills. 
Mountain  ash  trees  are  first  noticed  at  this  place. 

In  the  S.  W.  i,  sec.  25,  69-21,  the  gneiss  and  schist  still  have  a  low 
north  dip,  15^-30°.  The  gneiss  is  sometimes  porphyritic,  and  contains 
very  black  biotite.    'No.  164  (H). 

In  the  N.  W.  i  of  N.  W.  i,  sec.  80,  69-20,  gneiss  and  mica  schist 
occur  in  int^bedded,  thin,  wavy  or  folded  strata.  Strike  is  E.  50°  S. 
to  E.  80°  S..  and  with  a  low  dip  of  less  than  45°  to  the  east.  The  char- 
acter of  the  rock  remains  unchanged  for  a  long  distance  east  of  here. 
It  is  always  gneiss  and  mica  schist  in  more  or  less  distorted  beds. 
Much  of  the  gneiss  is  porphyritic,  and  contains  large  scales  of  both 
biotite  and  muscovite.  The  quartz  is  often  chalcedonic.  Most  all  of 
the  large  orthoclase  crystals  contain  quartz,  being  thus  pegmatitic. 
The  beds  become  too  much  bent  and  twisted  for  any  general  strike  or 
dip  to  be  noted.     The  country  is  more  wooded  and  hilly,  and  the  rock 
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comes  down  close  to  the  water  in  perpendicular  bluffd,  o?er  twenty- 
five  feet  high. 

There  is  such  a  mixture  in  the  rocks  that  beds  of  any  considerable 
length  are  not  to  be  seen.  Masses  round, square,  oblong,  irregular, 
thin,  thick  and  in  fact  all  shapes  and  sizes  of  mica  schist  are  seen  in 
the  gneiss  where  the  gueiss  predominates,  and  of  gneiss  in  the  schist 
where  the  schist  is  the  main  rock. 

Sometimes  the  strata  lie  in  wavy,  horizontal  beds,  and  sometimes 
they  stand  nearly  vertical.  The  gneiss  is  frequently  porphyritic,  and 
occasionally  rock  that  approximates  mica  schist  rather  than  gneiss  is 
porphyritic  with  feldspar  crystals  two  or  three  inches  long.  The  trees 
are  Norway  pine,  white  pine,  Bank's  pine,  spruce,  balsam-fir,  birch, 
aspen,  great-toothed  poplar,  mountain  ash,  white  cedar,  willow,  ash 
and  elm. 

In  the  N.  E.  i,  sec.  80,  69-19,  there  are  beds  of  schist  and  gneiss 
thA.  seem  to  be  more  regular,  and  have  the  usual  strike  and  high  dip 
to  the  north.  The  country  through  here  is  much  wilder  than  that 
farther  west.  There  is  considerable  good  pine  on  the  shores  of  the 
lake.  The  rock  hills  generally  rise  to  a  hight  of  fifty  feet  or  more 
above  the  lake. 

Mr.  Trussell  examined  the  north  shore  of  Kabetogamak,  through 
Twp.  69-20,  up  to  Namekan,  in  Twp.  69-19.  The  formation  is  all  the 
same — gneiss  aud  mica  schist  in  irregular  beds.  One  specimen  from 
the  north  side  containing  much  biotite  is  No.  166  (H). 

NAMEKAN   LAKE. 

The  west  end  of  Namekan  or  Sturgeon  lake  is  very  beautiful. 
There  are  numerous  points  and  islands,  all  heavily  wooded  down  to 
the  water's  edge.  The  hills  rise  higher,  too,  in  this  region,  and  the 
bluffs  have  a  bolder  aspect.  The  rock  is  the  usual  fi:neiss  and  mica 
schist,  the  latter  generally  (juite  soft  and  crumbling,  so  that  the 
gneiss  is  the  rock  that  is  most  seen  in  all  exposures.  * 

In  the  S.  E.  i  of  S.  W  i.  sec.  26,  69-19,  the  gneiss  and  schist  rises 
seventy-five  feet  in  perpendicular  bluffs,  from  which  many  large 
pieces  have  fallen  down  into  the  lake  and  left  overhanging  crags  that 
have  quite  a  picturesque  appearance.  There  are  pine  and  spruce  trees 
growing  in  every  available  crack  and  crevice  of  the  solid  rock. 

In  the  S.  W.  i  of  S  W.  i,  sec.  28,  69-19,  the  rock  is  more  gneisaoid 
than  usual,  and  contains  but  little  schist.  It  rises  twenty-five  feet  to 
fifty  feet  above  the  lake  on  the  islands  and  points  in  this  locality.  It 
is  cut  and  re-cut  by  granite  intrusions,  but  no  trap  or  dioryte  dykes 
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Ate  seen  ou  this  lake.    Nos.  167  (H)  and  168  (H).    The  strike  in  N. 
W.  i  of  S.  E.  i.  sec.  30,  69-18,  is  E.  70^  S.;  dip  E.  45°  to  60°. 

In  the  S.  E.  1  of  S   W.  i,  sec.  28,  69-18,  the  strike  is  more  regular 
and  has  returned  to  its  general  direction,  N.  70"^— N.  80°E.,  with  a 
high  dip  N.     Many  mica  schist  beds  occur  in  the  gneiss,  and  serve  to 
show  the  strike  and  dip  better  than  the  gneiss  does. 

The  gneiss  in  the  S.  W.  i,  sec.  26,  69-18,  is  fine  and  red,  and  con- 
tains  very  few  beds  of  mica  schist.  There  is  a  coarse,  schistose 
itr  octure  running  E.  60°S      No.  169  (H). 

I »  the  N.  W.  -\,  sec.  31,  69-17,  the  rock  is  almost  pure  mica  schist, 
n^  ^re  are  a  few  beds  of  gneiss,  but  the  rock  is  largely  schist,  in  thin, 
jtirc&ight  beds.  Some  of  the  strata  are  nearly  horizontal,  and  some 
d\l3  60^  or  more  to  the  east.  The  flat  beds  are  folded  and  bent  con- 
side  rably. 

Til  the  S.  W.  i,  sec.  28,  69-17,  the  gneiss  begins  to  appear  again  in 
thick  beds,  but  the  schist  still  predominates.  The  strike  of  the  gneiss 
is  about  east  and  west,  with  a  dip  N.  40^. 

On  the  west  side  of  the  island,  in  the  S.  E.  i  of  N.  W.  i,  sec.  29, 
69-17,  is  a  bed  or  dyke  of  dioryte  about  twenty  feet  thick.  No. 
170  (H). 

The  channel  of  the  stream  which  flows  from  Sand  Points  lake  into 
Namekan  lake  is  one  of  the  most  picturesque  spots  seen  in  this 
t^gioD.  The  stream  is  deep  and  narrow,  and  runs  between  rugged 
bluffs  of  mica  schist.  The  hills  are  covered  with  pine  and  the  rocks 
with  a  luxuriant  growth  of  lichens.  The  rocky  walls  are  almost  con- 
tinuous enough  to  deserve  the  name  of  "dalles."  They  are  all  of 
mica  schist  having  a  general  strike  about  east  and  west,  and  dipping 
*bout  N.  45^.  There  are  occasional  beds  of  gneiss  and  veins  of 
qaartz. 

The  rock  on  the  island  in  the  S.  E.  i  of  N.  W.  i,  sec.  21,  69-18,  is 
^eiss  and  mica  schist.  The  gneiss  is  fine-grained,  and  contains  ir- 
^^Qlar    masses  of  the   schist.      It   is  only   slightly   foliated.      No. 

T^e  entrance  to  Rainy  lake  is  quite  intricate,  and  is  hard  to  find,  as 
^*/y^jj  /jard  to  keep  when  found.  The  plats  do  not  follow  the  regular 
^Oe  rotite  for  the  boundary,  but  take  the  north  channel  between 
ftj^j^^xi   »nd  Rainy  lakes,  where  a  canoe  seldom  goes,  because  of  the 

^  ^  jr^    fcMro  falls  between  these  lakes.     The  southern  one  is  a 
^  ^  i^^:>iifc  nine  feet,  over  mica  dchist.     There  is  a  good  portage  of 
/:b  u  a  dred  paces  on  the  south  side. 
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The  rock  in  this  region  is  mica  schist,  with  beds  of  gneiss.  It  is 
quite  regular  in  bedding,  strike  and  dip.  Strike  is  N.  80°  E.  Dip 
about  N.  8U°.  The  beds  of  gneiss  are  quite  generally  in  conformity 
with  the  schist;  but  sometimes  cut  it  a  little.     No.  172  (H). 

The  north  fall  is  about  the  same  hight  in  one  chute  as  the  south 
fall.  It  is  over  fine,  hard,  brittle  mica  schist.  No.  173  (H.)  The 
schist  is  very  evenly  bedded,  and  stands  nearly  on  edge.  Strike  is  N. 
86*^  E.  Dip,  N.  84°.  Glaciation,  N.  30"  E.  The  gneiss  beds  are  very, 
uniform,  and  are  conformable  with  the  schist.  It  is  generally  coarse, 
and  contains  garnets  Some  of  it,  however,  isquile  fine,  and  shows  the 
gneissic  structure  well.  The  mica  in  the  schist  is  mostly  biotite;  that 
in  the  gneiss  is  muscovite.  Some  of  the  schist  is  h^'dromicaceous. 
No.  175  (H). 

mo   FORK  BIYEB. 

This  river  should  really  be  called  Bowstring  river,  inasmuch  as  the 
Indian  name  Pisachabani  signifies  that,  and  it  comes  from  Bowstring 
lake. 

No  rock  is  seen  on  Rainy  Lake  river  between  the  mouths  of  the 
Little  Fork  and  Big  Fork  rivers,  which  are  only  six  miles  apart. 
Stratified,  sandy  clay  is  seen  in  the  banks  ten  and  even  twenty  feet 
above  the  river.    A  few  limestone  boulders  are  to  be  seen. 

The  banks  of  the  Big  Fork  for  the  first  three  miles  up  the  stream 
are  not  more  than  five  feet  high.  No  rock  in  place  nor  boulders  are 
seen.  Then  the  banks  become  higher  and  in  places  are  twelve  feet  to 
fifteen  feet  high,  composed  of  stratified  sand  and  clay.  The  water  is 
dark  and  the  river  has  a  smaller  volume  than  the  Little  Fork. 

The  stratified  clay  banks  have  in  them  beds  containing  pebbles  of 
gneiss  and  other  rocks;  they  also  contain  very  fine  clayey  layers.  On 
top  is  generally  a  few  inches  of  loose  sand  or  soil.  About  seven  miles 
up  the  river  the  clay  banks  are  seen  to  contain  quantities  of  fresh- 
water shells.  No.  224  (H)  is  clay  in  which  these  shells  are  imbedded. 
It  was  taken  out  of  a  bank  about  fifteen  feet  above  the  water  in  the 
river  and  five  feet  from  the  top  of  the  bank.  The  whole  bank  is  made 
of  the  stratified  clay;  and  as  far  as  could  be  seen  contained  fragments 
of  shells,  as  well  as  boulders  and  pebbles. 

There  is  a  very  swift  current  in  this  river.  Boulders  begin  to  be 
numerous  at  about  two  miles  up  the  river,  and  pieces  of  Cretaceous 
shale  are  seen  on  the  bank.  Small  fragments  of  limestone  too,  are 
frequently  seen.  The  trees  noticed  in  the  first  ten  miles  are  as  fol- 
lows :  Plenty  of  large  hardwood  timber  of  all  the  varieties  mentioned,. 
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swood,  soft  maple,  elm,  black  ash,  white  ash,  white  oak,  aspen, 
ite  birch,  balm  of  Oilead.  box  elder,  three  varieties  of  willow,  iron- 
ed, cotton  wood,  spruce,  white  cedar,  Norway  pine,  Jack  pine,  moun- 
Q  maple,  dogwood,  cherry,  alder  and  June  berry.  The  banks 
:ome  higher  in  the  next  ten  miles,  and  groves  of  fine  Norway  pine 

seen  at  intervals.  The  water  was  so  high  that  no  short  rapids 
re  noticed;  it  was  all  on«  long  rapid. 

?he  neighboring  country  is  quite  flat  and  a  good  share  of  it  is 
impy.  There  are  chances  for  many  fine  farms  along  this  stream, 
e  river  bed  seems  to  be  paved  with  boulders,  and  there  is  much 
vel  in  the  banks,  which  are  all  composed  of  stratified  drift.     Thej 

covered  with  vegetation,  part  of  which  was  overflowed  by  the  high 
ter. 

Lbout  27  miles  above  the  mouth  of  the  river  the  first  rapid  is  en- 
mtered.  At  this  place  a  large  mass  of  gneiss  and  mica  schist 
trudes  from  the  water.  It  may  not  be  in  place.  Boulders  are  very 
nerous  The  banks  are  lower,  being  seldom  more  than  ten  or 
;lve  feet  high.  They  are  all,  so  far  as  could  be  seen,  composed  of 
itified  sandy  clay  containing  pebbles  and  boulders.  There  are 
ny  fragments  of  limestone  and  Cretaceous  shale.  No  large  masses 
limestone  were  seen;  but  there  may  be  plenty  of  them  which  would 
exposed  in  the  bed  of  the  river  at  times  of  low  water.  Much  fine 
le  has  been  stolen  along  this  river,  and  still  a  great  deal  remains. 
Passing  two  or  three  quite  rapid  places  in  the  river,  the  first  exposure 
rock  was  found  at  a  rapid  which  flows  between  banks  30  feet  high 

the  east  side  of  the  river,  and  40  feet  high  on  the  west.  This  is 
out  33  miles  up  the  river.  The  rock  is  trap;  and  no  other  rock  can 
)  found  on  either  side  of  it.  It  is  seen  only  on  the  east  bank  of  the 
rer  where  there  is  a  large  exposure  of  it  about  12  feet  across  and  6 
et  above  the  river.    No.  226  (H). 

The  banks  contain  gravel  and  sandy  clay  and  appear  to  be  stratified, 
he  many  springs  which  issue  from  the  banks  near  the  bottom  indicate 
lat  the  Cretaceous  underlies  them.  Pieces  of  this  shale  are  seen  in 
!^e  banks  up  to  the  top. 

Several  tall  trees  were  ascended  for  the  purpose  of  viewing  the  sur- 
innding  country.     It  was  seen  to  be  all  of  one  general  level. 

Opimabonowin  river  enters  on  the  west  side,  about  thirty-seven 
"les  op  the  river.  There  is  a  rapid  over  boulders  up  this  river  a 
l^ort  distance.  Above  the  mouth  of  this  river,  on  the  Big  Fork, 
>pifc  are  of  frequent  occurrence  for  four  miles,  when  the  "Big  Falls" 
^  reached.     This  is  not  one  perpendicular  fall,   but  consists   of 
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rapids  and  one  or  two  steep  chutes.  It  was  so  hemmed  in  and  covered 
by  a  ''jam*'  of  logs  that  it  could  not  be  measured,  but  it  was  esti- 
mated that  the  fall  is  not  more  than  twenty  feet  in  one-eighth  mile. 

The  rock  is  gneiss  and  mica  schist,  which  is  cut  at  the  head  of  the 
falls  by  a  trap  dyke  at  least  twenty  feet  wide.  A  quarter  of  a  mile 
below  the  falls  mica  schist  and  gneiss  are  seen  to  outcrop  iu  the 
river.  The  strike  is  N.  eS^'E;  dip  soi^h  at  a  high  angle.  No.  S27 
(H).  At  the  falls  the  rock  is  so  much  disturbed  that  no  strike  or  dip 
can  be  ascertained.  The  general  direction  of  the  dyke  seems  to  be 
N.  lO^E.     Nos.  228  (H)  to  230  (H). 

The  falls  are  about  forty-one  miles  up  the  river,  in  sec.  36,  or  sec. 
35,  155-25.     The  water  above  the  falls  is  quiet  for  five  or  six  miles. 

The  banks  and  surrounding  country  for  a  short  distance  above  are 
low  and  flat.  Then  the  banks  become  higher  and  are  occasionally 
thirty  feet  high;  whether  stratified  or  not  could  not  be  ascertained. 

Less  than  a  mile  above  the  falls  is  an  outcrop  in  the  river  of  gneiss 
and  mica  schist.  The  strike  appears  to  be  E.  50""  S.  Dip  S.  W.  at  a 
high  angle.     No.  231  (H). 

For  the  next  nine  miles  the  river  is  still  with  a  moderately  strong 
current.  The  banks  are  not  over  fifteen  feet  high;  generally  less  than 
ten.  They  consist  of  stratified  clay  containing  pebbles.  A  meander 
corner  at  the  south  side  of  sec.  34,  65-26,  shows  this  place  to  be 
thirty-two  miles,  in  a  straight  line,  south  of  the  mouth  of  the  river. 
It  is  estimated  at  fifty-five  miles  by  river. 

In  one  or  two  places  large  masses  of  gneiss  and  mica  schist  are  seen 
in  the  river  just  under  the  water.  They  may  be  in  place.  Limestone 
and  Cretaceous  shale  are  seen  in  small  pieces  in  the  banks.  There  is 
much  good  hard-wood  timber,  plenty  of  immense  poplar  and  some  large 
pine  along  the  river.     It  is  a  good  country  for  farming. 

About  eight  miles  farther  is  a  bank  where  the  clay  beds  are  exposed. 
They  consist  of  fine  hard  clay  containing  pebbles  and  a  few  boulders. 
The  bank  rises  fifteen  feet  above  the  stream.  Fragments  of  limestone 
and  bluish-gray  shale  arc  seen  in  it.  No.  232  (H).  A  meander  corner 
is  seen  at  the  cost  line  sec.  1,  152-25,  which  is  sixty-four  miles  up  the 
river.  Very  few  boulders  were  seen  in  the  banks  for  ten  or  fifteen 
miles  along  here.  The  river  is  remarkably  straight,  much  more  so 
than  the  Little  Fork.  A  stream  enters  on  the  east  side  at  about  sixty- 
two  miles. 

For  the  next  few  miles  (about  seven)  there  is  more  current  and  the 
stream  is  more  crooked  than  below.  A  stream  enters  on  the  west 
side  at  about  67  miles.     No  rock  in  place  has  been  seen  for  miles. 
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The  banks  are  all  stratified  clay  containing  gravel.  Boulders  begin 
to  be  more  frequent.  The  banks  are  low  and  heavily  wooded,  and 
contain  limestone  and  shale. 

About  five  miles  farther  is  a  rapid  and  an  outcrop  of  fine  mica  schist 
projecting  a  few  inches  above  the  water  in  the  stream.  This  is  about 
72  miles  up  the  river.  The  schist  is  scratched  and  smoothed  in  vari- 
ous directions,  the  main  part  of  them  being  N.  10"^  E  and  N.  30**  W. 
One  or  two  small  veins  of  gneiss  cut  the  schist.  This  broad  smooth 
exposure  would  be  hidden  if  the  water  were  a  few  inches  higher,  as  the 
river  is  so  muddy  that  nothing  can  be  seen  four  inches  below  the  sur- 
face. No.  233  (H).  The  course  of  the  river  along  here  is  considerably 
east  of  south  and  much  more  crooked  than  before.  A  short  distance 
above  the  last  is  much  more  mica  schist.  It  has  a  strike  N.  68°  E.  and 
very  marked  glacial  scratches  N.  60''  W.  It  is  quite  hard  in  places 
and  contains  hornblende  and  chlorite,  also  garnets.  The  dip  is  N.  W. 
at  a  high  angle. 

A  little  farther  up  the  river  on  the  east  side  the  strike  changes  to 
N.  40""  E.  A  dyke  is  then  seen  which  is  about  ten  feet  wide  and  runs 
nearly  north  and  south.  The  schist  is  hard,  fine,  siliceous  and  brittle 
next  the  dyke.    Nos.  234  (H)  and  235  (H). 

On  the  right  (west)  side  of  the  river  is  a  bed  of  light-colored  crys- 
talline rock,  with  the  constituents  of  granite.  Only  a  few  feet  of  it 
were  visible;  but  it  seemed  to  be  three  or  four  feet  wide  and  to  cut 
the  schist.     Nos.  236  (H)  and  237  (H). 

The  banks  continue  to  be  low.  They  contain  but  little  gravel  and 
few  boulders  though  the  presence  of  quantities  of  both  in  the  bed  of 
the  stream  is  evidenced  by  the  frequent  collisions  between  them  and 
oar  paddles.  The  clay  banks  are  about  ten  feet  high,  of  hard  clay, 
with  pebbles  scattered  through  it.  In  some  of  the  banks  there  is  a 
stratum  a  few  inches  thick  of  gravel  and  boulders  about  three  feet 
from  the  top  of  the  bank. 

About  five  and  a  half  or  six  miles  farther  up  the  stream  is  a  rapid 
and  at  the  head  of  it  is  a  low  outcrop  of  hard  greenish  rock.  No 
strike  or  dip  can  be  ascertained  from  the  small  amount  visible.  No. 
238  (H).  This  is  about  78  miles  up  stream,  and  42  miles  above  the 
falls.  The  river  is  very  crooked  and  still  tends  eastward.  About  a 
mile  farther  is  a  rapid  in  which  no  rock  was  seen  but  boulders. 

About  a  mile  and  a  half  farther,  in  which  distance  there  is  consid- 
erable rapid  water  and  a  large  number  of  boulders,  is  seen  a  fall  in 
the  river  of  about  five  feet.   The  rock  is  a  hard,  tough  greenstone  that 
has  the  appearance  of  trap.     Portions  of  it  have  been  moved  on  other 
64 
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parts  and  produced  a  slickensides  and  faint  lines  of  schistosity. 
There  are  quartz  veins  in  it,  and  also  veins  of  light-colored  siliceoos 
rock  and  of  calcite.  The  rock  exposure  is  a  hundred  feet  wide  at 
least  in  any  direction.  Its  longest  outcrop  is  across  the  river  aboot 
N.  SO'^E.     Nos.  239  (H)  to  239D  (H). 

About  40  rods  above  the  falls  south  is  an  outcrop  of  a  hard  green 
rock  similar  to  that  at  the  falls.  It  might  be  called  very  fine  diabase, 
but  looks  like  the  fine  graywacke  of  Vermilion  lake.  No  strike  or 
general  structure  of  any  kind  could  be  observed.     No.  240  (H). 

A  sharp  lookout  was  kept  in  the  next  seven  or  eight  miles  for  Nor* 
wood's  **ridge  of  gneiss",*  sixty  feet  high,  crossing  the  river.  No  ridge 
of  any  sort  can  be  seen  from  the  river,  and  no  banks  over  twenty 
feet  high.     Few  boulders  arc  seen  in  this  distance. 

At  the  end  of  seven  and  a  half  miles,  the  foot  of  a  rapid  nearly  one 
half  a  mile  long  is  reached.  At  the  foot  of  it  is  a  bank  of  gravel  and 
sand.  It  is  a  very  different  sort  of  bank  from  those  seen  below  here. 
It  is  stratified,  or  partially  so,  but  not  horizontally  nor  all  in  the  same 
direction.  It  looks  like  a  stratified  river  deposit.  Under  it  crops  out  a 
little  fine  bluish-gray  clay,  of  which  only  a  foot  or  two  can  be  seen. 
This  is  supposed  to  be  Cretaceous.  No.  241  (H).  There  are  many 
limestone  pebbles  in  the  bank,  above  the  clay,  but  no  shale  is  seen  in 
it. 

This  rapid  is  over  an  immense  number  of  boulders.  Most  of  them 
are  hornblendic  gneiss,  but  other  rocks  are  frequent.  Many  of  the 
boulders  are  large  and  stick  up  several  feet  above  the  water.  A 
short  distance  up  the  rapid  is  a  small  island  which  seems  to  be  made 
of  boulders  and  is  covered  with  trees  and  bushes.  All  the  rock  that 
could  be  found  on  or  around  the  edges  of  this  island  was  boulders. 
This  may  be  the  ''rock  island"  mentioned  by  Norwood.*  A  speci* 
men  from  one  of  the  syenite  boulders  17  feiet  long,  7  feet  wide  and  4 
feet  thick,  is  No.  242  (H). 

Above  the  rapids  quantities  of  boulders  are  seen;  while  below  only 
a  few  were  encountered.  The  country  does  not  seem  to  be  of  one  gen- 
eral level  as  before,  but  is  knolly.  The  banks  are  of  sand  and  gravel 
and  contain  much  more  gravel  than  those  below  the  rapids.  This  is 
about  95  miles  up  the  river,  probably  in  Twp.  62-25.  It  seems  prob- 
able that  the  rapid  mentioned  above  is  on  the  boundary  or  shore  of 

he  glacial  lake  Agassiz,  and  that  all  of  the  river  below  this  rapid  is 
included  in  the  ancient  basin. 


•  D.  D.  Oweu't  Geo].  SQr.  Wilt,  and  Minn.,  1852. 
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Five  miles  farther  up  is  an  Indian  clearing  and  house.  This  is  on 
what  is  called  Baskokagin  Indian  reservation.     Twp.  62-25. 

The  country  appears  to  consist  of  knolls  of  till.  Quantities  of 
boulders  obstruct  the  stream  and  form  rapids  at  every  bend. 

Deer  river  enters  the  Big  Fork  just  above  the  Indian*s  clearing. 
Four  or  five  miles  up  Deer  river  is  a  dam  and  logging  camp.  The  bed 
of  Deer  river  contains  hard,  polished  beds  of  stratified  clay.  The 
banks  are  somewhat  clayey,  but  mostly  gravel  and  sand. 

The  drift  knolls  rise  thirty  to  fifty  feet  in  the  country  away  from 
the  river  and  are  covered  with  large  pine.  The  drift  contains  many 
limestone  pebbles. 

In  the  bed  of  Deer  river  at  a  dam  about  half  a  mile  from  the  Big 
Fork  bed  rock  was  seen.  It  is  hard,  green  schist,  that  looks  like 
greenstone.  Some  of  it  contains  mica  in  very  fine  scales.  The  rock 
seen  right  at  the  dam  did  not  contain  any  mica;  that  farther  east  did. 
Strike  N.  36^— N.  40<='  E.  Dip  about  vertical.  Glacial  scratches  N. 
80«^W.toW.    No.  243(H). 

About  three  miles  up  the  Big  Fork  from  the  mouth  of  Deer  river  is 
a  hard  round  exposure  of  green  rock  on  the  east  side  of  the  river.  It 
contains  pyrite  in  cubes.  It  also  contains  nodules  of  a  light-yellow- 
ish color,  some  of  them  two  inches  in  diameter.  They  seem  to  be 
feldspathic,  and  this  may  be  the  rock  that  Norwood  calls  ''  porphyritic 
greenstone."*  No  island  such  as  he  describes  containing  *' horn- 
blende slate"  has  been  seen.  Glaciation  here  is  east  and  west,  No. 
244  (H).  This  is  about  104  miles  up  the  river.  This  rock  much  re- 
sembles the  slates  and  greenstones  at  Thomson  south  of  Duluth.  The 
country  is  well  covered  with  drift  here — the  river  bluffs  rising  fifty  or 
sixty  feet  above  this  outcrop  of  rock. 

About  two  and  one-half  miles  farther  is  an  exposure  of  rock  in  a 
small  island  on  the  west  side  of  the  river.  It  is  hard,  jointed^  green 
rock,  much  like  the  last.  It  contains  considerable  calcite  in  seams. 
No.  245  (H.) 

Less  than  a  mile  above  the  last  is  a  quantity  of  large,  broken  frag- 
ments of  rock  which  seem  to  have  been  broken  by  blasting.  It  is 
trap  or  dioryte  and  varies  in  texture  in  going  from  north  to  south. 

About  five  miles  farther  is  a  small  exposure  of  a  peculiar  greenish 
rock.  It  is  at  the  foot  of  Rice  River  rapids,  three  and  one-half  miles 
below  Rice  river,  which  enters  the  Big  Fork  on  the  east  about  fifteen 
miles  above  the  mouth  of  Deer  river. 

This  rock  looks  almost  like  a  metamorphosed  conglomerate.     It  is 

*  D.  D.  Ow«n*fl  a«o].  Sor.  Wii.  and  Minn.  185*j. 
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feldspatliic  and  becomes  felsitic  a  little  farther  south.  It  .shows  onl^ 
at  the  ed£:e  of  the  river,  and  specimens  had  to  be  obtained  from  unde  ^ 
water. 

About  fifteen  rods  up,  on  the  east  side,  is  another  imall  outcrop  o  £ 
rock.     This  is  hornblendic,  epidotic  rock   that  varies  to  syenite  or 
dior^'te  and  then  to  amphibolyte.     It  is  quite   a   remarkable   chang-e 
from  green  schist  to  syenite.     Nos.  247  (H),  248  (H),  248A  (H)  and 
248R  (H)  illustrate  this  transition  which  takes  place  going  sooth.  At 
this  place  a  portage  of  three-quarters  of  a  mile  was   made   around  a 
log  jam  in  the  river. 

A  short  distance  farther  up  the  river,  on  the  same  side,  is  another 
small  exposure.  This  is  feldspatic  greenstone,  quite  jointed  and  hard 
to  get  at.     No.  249  (H). 

About  seven  miles  farther  up  the  river,  120  miles  above  Rainy  Lake 
river,  is  a  ridge  of  quartz  dioryte  on  the  N.  W.  side  of  the  stream. 
It  looks  much  like  the  rock  into  which  the  greenstone  grades  below 
here.     No.  250  (H). 

The  river  banks  along  here  are  lower  and  are  swampy  and  marshy. 
Boulders  are  plentiful.  This  is  at  the  west  side  of  section  30,  61-26. 
A  short  distance  above  the  last  locality,  which  is  N.  40°  to  N.  60°  E. 
of  this,  is  more  similar  rock  on  both  sides  of  the  river.  This  is  in  the 
cast  side  of  section  25,  61-27.  The  exposures  rise  but  a  little  above 
the  water.     The  feldspar  is  green  and  red. 

About  four  miles  farther  are  some  large  angular  pieces  projecting 
from  the  water  and  some  rock  in  the  bed  of  the  stream  which  seems 
to  be  solid  rock.  This  is  a  peculiar  porphyritic  rock  that  is  almost 
wholly  made  of  feldspar;  but  contains  a  little  green  material,  perhaps 
chlorite  or  sericite.     No.  251  (H). 

About  three  miles  above  this  is  an  outcropping  of  dioryte  (?)  on 
both  sides  of  the  river.  It  rises  four  or  five  feet  out  of  water  and  ex- 
tends nearly  across  the  stream.  It  is  No.  252  (H),  quite  similar  to 
250  (II).  It  is  very  siliceous  and  contains  quartz  geodes.  No.  252 
A  (H).  Glaciation  N.  52°  W.  Twenty-four  rods  east  in  the  woods 
the  rock  is  finer  sprained  and  looks  more  like  s^-enite.     No.  253  (H). 

Around  the  next  bend  in  the  river  is  a  large  exposure  of  rock  which 

• 

rises  15  feet  or  more  above  the  water.  Some  of  it  is  syenite  and  some 
looks  more  like  dioryte.  No.  254  (H).  This  a  large  outcrop  of  mas- 
sive feldspathic  rock  that  thus  appears  to  be  the  direct  product  of 
alteration  or  nietamorphism  from  the  hardened  green  schists  seen 
north  of  here.  These  schists  become  gradually  feldspathic,  hornblendic 
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L  nd  siliceons,  and  develop  into  regular  syenite.    This  is  the  last  rock 
>b8erTed  in  ascending  the  Big  Fork  river. 

About  two  miles  above  is  a  rapid  over  boalders.  The  river  is  wind- 
■ig  and  runs  through  swampy  country  most  of  the  way.  About  a 
laile  farther,  142  miles  from  Rainy  Lake  river,  is  a  meander  corner 
between  sees.  4  and  5,  149-25.  The  land  is  flat  and  marshy,  and  the 
fttream  is  nearly  filled  with  manomin  or  wild  rice.  The  river  here  is 
named  Bowstring  river  on  the  goverment  plats.  It  expands  into  a 
ahallow  lake  filled  with  rice,  in  Twp.  149-27.  Much  splendid  pine 
is  seen  on  the  shores  of  this  lake. 

No  boulders  or  solid  rock  are  seen  along  the  shores.  A  few  miles 
farther  is  Kashebushkag  (grass-spots)  lake,  so  called  from  the  large, 
^lound  bunches  of  tall  grass  that  grow  in  it.  Just  west  of  this  lake  is 
Round  lake  (Eawaie-gamak).  After  crossing  this  lake  and  searching 
for  some  time,  a  first-class  portage  is  found  three-fourths  of  a  mile 
long,  leading  into  a  small  lake  whose  outlet  is  to  the  south.  This 
creek  is  very  crooked  and  full  of  rice,  but  has  much  excellent  pine 
ftlong  its  banks,  as  has  also  Ronnd  Lake  river  and  Kashebushkag 
lake. 

Boulders  are  seen  in  this  creek,  which  flows  south,  through  one  or 
two  dmall  Jakes,  into  Winibigoshish.  Limestone  fragments  are  seen 
in  the  bed  of  this  creek,  and  in  the  bottom  of  the  deep  pools  are  beds 
of  extremely  hard,  bluish  clay.  The  water  was  so  deep  that  no  speci- 
mens could  be  procured. 

LAKE   WINIBIGOSHISH. 

The  shores  of  this  lake  are  low  and  marshy  or  sandy,  with  a  few 
boulders.     Some  limestone  pebbles  are  mixed  with  the  rest. 

At  the  dam  at  the  lower  end  of  the  lake  the  shores  are  twenty-five 
feet  high,  of  stratified  sand. 

MISSISSIPPI  RIVER. 

The  banks  of  the  river  below  lake  Winibigoshish  are  of  sand,  some- 
times twenty-five  feet  high,  and  sustaining  a  good  growth  of  pine. 
A  few  large  boulders  of  granite  are  seen  in  the  river.  Probably  most 
of  them  were  taken  up  to  be  used  in  the  dams  above  here. 

It  is  about  55  miles  by  river  to  the  mouth  of  Pokegama  lake.  The 
river  banks  are  generally  of  fine  saud  not  over  ten  or  fifteen  feet  high. 

The  river  valley  varies  in  width  from  half  a  mile  or  less  to  two 
miles.     Few  boulders  or  pebbles  are  seen. 
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POKEGAMA — (The  lake  that  lies  with  one  end  in  the  river). 

The  shores  of  this  lake  are  of  reddish  till  fire  feet  to  thirty  feet 
high,  containing  very  few  limestone  pebbles.  Many  boulders  are 
seen  around  the  islands  and  on  some  of  the  points. 

A  trip  was  made  to  the  south  end  of  the  lake  and  up  on  to  the  ridge 
in  sections  22  and  27,  54-26.  This  ridge  is  covered  with  fine  hard- 
wooil  timber,  oak,  elm,  yellow  birch  of  immense  size,  sugar  maple, 
etc.  Boulders  and  pebbles  are  numerous  all  the  way  up  the  sides  and 
on  top  of  the  ridge  which  is  probably  175  feet  above  Pokegama  lake. 
No  rock  in  place  could  be  seen.  The  ridge  has  the  appearance  of  a 
moraine,  the  trees  that  have  fallen  having  torn  up  boulders  and 
pebbles  and  disclosed  nothing  but  till  below.  Still  the  solid  rock 
may  be  underneath  at  no  great  distance. 

A  few  large  pieces  of  limestone  are  seen  on  an  island  in  the  lake. 
The  till  is  quite  sandy  and  generally  of  a  reddish-brown  color,  though 
eome  of  it  is  decidedly  yellowish.  Pebbles  of  all  ordinary  kinds  of  rock 
are  seen,  and  some  peculiar  varieties  such  as  porphyritic  greenstones 
and  diorytes. 

MISSISSIPPI  RIVER. 

A  short  distance  before  reaching  Pokegama  falls  in  the  N.  E.  i  of 
N.  W.  i  sec.  13,  55-26,  a  ridge  of  quartzyte  is  seen  on  the  south  side 
of  the  river.  It  is  twenty  or  twenty-five  feet  high  and  has  been 
blasted  out  some  to  furnish  rock  for  the  dams. 

This  rock  varies  in  color  from  white  and  yellow  to  green,  red  and 
almost  black;  and  in  texture  from  aphanitic  quartzyte  to  coarsely  gran- 
ular sandstone.  The  general  direction  of  the  ridge  is  between  N.  60~ 
E.  and  N.  80^  E.  The  top  of  it  is  thinly  covered  by  drift  and  is  on 
about  the  same  level  as  the  land  south  of  it. 

Pokegama  falls  arc  over  this  rock.     The  water  here  falls  about  seven 
feet  in  a  slanting  chute      It  is  said  that  the  falls  were  formerly  macb 
higher  and  have  been  much  worn  down  in  the  last  twenty  years.   The 
Indians  call  them  Kakabikag,  (rocky  falls).     They   sometimes    add  a 
diminutive  and  call  them  the  *'Little  Rocky  falls."     This  rock  is  No. 
256  (H).     There  are  round  nodules  of  iron  sesqui-oxide   in    many  of 
the  pieces  that  have  been  blasted  out  at  the  falls.     They  are   half  an 
inch  to  an  inch  in  diameter,  and  are  more  or  less  hard   and   siliceoas. 
No.  257(H).     Some  of  the  rock  at  the  falls    is   exceedingly    soft  ani 
will  crumble  in  a  person's  hands.     Most  of  it  is   quite  ferriferous  and 
the  bands  or  lines  of  iron  rust  give  an  appearance  of  stratification  in 
places.     It  appears  to  lie  nearly  flat  with  a  low  dip  to  the   suutheart 
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especially  noticeable  where  the  water  has  decomposed  it  considerably. 
No  268  CH). 

Portions  of  it  contain  a  fine  red  clay  supposed  to  be  Catliuite.  This 
occurs  sometimes  in  thin  scales  or  sheets,  sometimes  in  round  or 
aDgular  lumps  that  evidently  bear  some  relation  to  the  ferruginous 
nodules  mentioned  above.  Specimens  of  the  quartzyte  containing 
Catlinite  (?)  are  No.  259  (H). 

The  drift  below  the  falls  contains  many  bonldere.  Qraud  rapids  is 
over  boulders  that  have  been  so  much  removed  and  cleared  out  that 
there  is  not  much  of  a  rapid  there  now.  The  upper  part  of  the  banks 
is  composed  of  sand.  This  rests  on  hard  clay  beds.  Springs  of  cold 
water  come  out  on  top  of  this  clay. 

FKAIBTS   RITSa. 

This  stream  enten  the  Mississippi  three  miles  below  Grand  Rapids. 
About  a  mile  up  this  river  is  a  long  rapid  over  small  boulders.  No 
solid  rock  is  seen  until  the  first  fall  is  reached  live  miles  above  the 
rapids. 

The  river  has  a  sluggish  current  between  the  rapid  and  the  falls, 
and  but  few  boulders  are  seen  until  nearly  at  the  foot  of  the  falls. 
Here  there  are  many  boulders  of  gneiss  of  all  sizes.  One  boulder  of 
limestone  was  noted.  The  fall  is  a  long  rapid,  which  descends  about 
nineteen  feet.  There  is  one  chute  near  the  top,  of  about  five  feet. 
This  fall  18  in  the  S.  E.  i,  sec.  34,  56-25. 


Fig.  10.— Falls  of  Prairie  river. 
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Solid  rock  is  exposed  on  the  banks  and  in  the  bed  of  the  river  all 

the  way  up  the  rapid,  and  in  the  lake  above,  a  distance  of  about  one 

half  mile.    At  the  foot  of  the  rapid  the  rock  is  red  or  reddish  and 

more  or  less  rusted  with  a  quantity  of  iron  oxide.     Some  of  the  rock 

is  very  good  hematite.     An  analysis  of  ore  [No.  260A  (H)]  from  here, 

made  by  Prof.  J.  A.  Dodge,  resulted  as  follows: 

Silicii 8. 25  per  cent. 

Alumina Traces. 

Peroxide  of  iron 92.08 

Lime Traces. 

Magnesia Traces. 

Phosphorus 03 

Sulphur 01 

Manganese None. 

Titanium None. 

100.43 
MetAlIic  iron 64.45 

thus  ''making  a  first-class  ore,  just  above  the  lower  limit  of  the 
Bessemer  grade.''  These  red  ferruginous  beds  are  not  exposed  for  a 
thickness  of  more  than  two  or  three  feet.  Some  of  the  rock  is  fine 
enough  to  be  called  jasper. 

Above  this  the  rock  resembles  that  at  Pokegama  falls.  It  is  seen 
most  of  the  way  up  the  rapids,  and  in  the  woods  on  both  sides.  It  is 
in  horizontal  beds,  which  have  occasional  slopes  in  all  directions,  but 
have  a  general  low  dip  to  the  southeast.  Where  the  rock  is  decom- 
posed it  has  the  same  appearance  as  at  Pokegama  falls.  There  are 
long  scratches  in  the  polished  rock  in  the  bed  of  the  river  that  were 
probably  caused  by  floating  ice,  log  jams,  etc.*  Their  direction  is 
about  north  and  south. 

About  two-thirds  of  the  way  up  the  rapid  is  a  thin  bed  of  fine  con* 
glomerate  exposed  on  the  surface  for  a  space  of  several  feet.  It  con- 
tains quartz,  jasper,  and  greenstone  pebbles,  mostly  less  than  half  an 
inch  in  diameter.  No.  262  (H).  Some  jaspery,  liematitic  rock,  found 
about  half  way  up  the  rapid,  which  contains  chalcedonic  quartz,  is 
No.  263  cH). 

There  is  no  doubt  that  there  is  a  limited  quantity  of  good  hematite 
here;  but  it  is  probably  only  in  thin,  horizontal  strata,  perhaps  sep- 
arated from  each  other  by  non-ferruginous  beds,  and  of  course  would 

*At  a  Rnbeeqaent  visit,  in  October,  188.S,  the  rock  was  expoeeil  mach  better  than  at  the  time  of  ih^ 
Hrst  examination,  and  the  ecra tehee  were  seen  to  cover  the  whole  surface  of  tlio  rock  in  a  nearly  nnl* 
form  direction,  and  are  undoubtedly  glacial  marks. 
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in  that  case  be  valueless.    The  true  state  of  affairs  could  be  determined 
by  a  shaft  or  test-pit. 

The  quartzyte  and  hematite  weather  almost  black.  The  ferrugin- 
ous rock  at  the  foot  of  the  rapids  weathers  red.  At  the  upper  end  of 
the  rapid  in  the  lake  the  quartzyte  contains  the  iron  ore  disseminated 
through  it  in  small  spots.  No.  265  (H).  Several  large,  irregular 
shaped  masses  of  gneiss  at  this  fall  have  the  appearance  of  being  not 
far  transported.  No.  266  (H).  This  was  found  to  be  the  rock  which 
forms  the  '•Upper  Falls." 

About  a  mile  west  of  the  upper  end  of  the  ''  Lower  Falls  *'  is  the 
«outh  end  of  the  ''  Upper  Falls."  This  rapid  is  about  a  quarter  of  a 
mile  long  and  has  rock  walls  on  each  side  rising  in  places  thirty  or 
forty  feet  and  only  twenty  or  twenty-five  feet  apart  in  one  place.  This 
fall  is  in  the  east  side  of  section  33,  56-25* 

The  rock  at  the  foot  of  the  rapid  is  a  fine-grained,  gray  gneiss  con« 
taining  comparatively  little  mica  and  orthoclase.  It  is  nearly  hori* 
zoutally  stratified  and  varies  from  white  to  reddish  in  color.  It 
changes  in  ascending  the  rapid,  becoming  coarser  and  containing 
more  mica  and  feldspar.  Some  of  it  contains  a  very  red  feldspar;  and 
small  particles  of  sesquioxide  of  iron  are  seen  in  places.  The  mica  is 
biotite.  The  horizontal  gneissoid  structure  is  very  evident.  Nos. 
267  (H.)  and  268  (H). 

Veins  of  all  thicknesses  up  to  six  inches  of  coarse,  reddish  granite 
<:ut  the  gneiss  and  run  in  crooked  lines  through  it.  It  contains  both 
muscovite  and  biotite  and  occasionally  garnets.     No.  269  (H). 

There  are  many  cracks  or  joints  running  in  different  directions  but 
principally  north  and  south.     They  appear  to  have  been  caused  by 
pressure  and  slight  movements  of  the  rock  upon  itself.     No.  270  (H) 
Galcite  and  gypsum  are  found  in  some  of  the  seams. 

The  ridges  that  produce  these  falls  run  for  some  distance  on  each 
side  of  them  in  a  general  direction  of  about  N.  70°  E.  They  are  more 
or  less  covered  with  a  glacial  drift  containing  many  boulders  and  sup- 
porting a  heavy  growth  of  forest  trees. 

There  is  a  lake  about  a  mile  long  from  east  to  west  between  the  two 
falls.  The  land  between  the  two  ridges  at  each  end  of  the  lake  is  low, 
and  no  solid  rock  is  visible.  The  quartzyte  ridge  can  be  traced  for 
some  distance  on  each  side  of  the  Lower  Fall. 

Going  northeast  from  the  Upper  Fall  through  the  N.  W.  J,  sec.  34 
into  the  S.  E.  i  sec.  27,  56-25,  some  variety  is  noticed  in  the  rock. 

About  half  a  mile  from  the  falls  the  gneiss  has  the  same  general 
appearance  as  at  the  falls,  No.  271  (H)« 
55 
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Fig.  It— Sketch    of  Upper   Falls  Prairi 
bank:/. 


Bff  H.  W.  Fair- 


There  is  found  a.  round  kin)ll  or  part  of  a  ridge  of  rock  containinf 
less  quartz,  and  some  hornblende  with  only  n  little  mice.  This  rock  ii 
jwle  grepnish  in  culor.  It  is  in  nearly  horizontal  beds  and  approxi- 
mates syenite  gneiss  rather  than  true  gneisf.  Xo.  273  (H.)  Thii 
rock  has  the  same  red  veins  penetrating  it.     Only  a  few  feet  from  tbf 
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lutythe  interveniag  space  being  obscured,  is  a  small  exposure  of  a 
dark  green  rock  looking  almost  like  doleryte,  but  hardly  compact 
enoQgh,  and  containing  small  lumps  of  fine  dark  rock  like  argillyte* 
No.  274  (H.) 

In  the  S.  £.  i,  sec.  27,  56^25,  is  found  a  low  ridge  of  slightly  por- 
phyritic  hornblendic  gneiss.  It  is  in  mostly  swampy  land,  with  a  thick 
carpet  of  moss.  The  rock  is  horizontally  stratified,  or  nearly  so.  No. 
!76  (H.)  It  is  cut  by  red,  coarse  muscovite  granite.  This  rock  all 
seems  to  have  a  low  dip  to  the  S.  E.  Whether  the  dip  is  sufficient  to 
carry  it  under  the  quartzy  te  or  whether  it  extends  any  farther  south 
eoald  not  be  ascertained.  Much  time  was  spent  in  trying  to  trace  the 
rock  coutinuously  from  the  quartzyte  to  the  gneiss.  But  there  is  a 
depression  between  the  two  ridges  which  is  occupied  in  part  by  the 
lake,  by  a  swamp  at  the  east  end  of  the  lake  and  a  covering  of  till  at 
the  west  end.  Both  of  these  rocks,  the  quartzyte  and  the  gneiss,  are 
nearly  horizontally  stratified,  both  contain  more  or  less  sesquioxide  of 
iron,  and  both  seem  to  have  a  dip  which  would  bring  the  quartzyte  on 
top  of  the  gneiss  where  it  would  naturally  belong. 

At  the  npper  side  of  the  ''Upper  Falls"  the  rock  contains  some  beds 
that  are  quite  hornblendic.  Other  beds  at  the  same  place  consist  of 
hornblende  schist  containing  more  or  less  mica.  These  beds  are  cut 
fcy  red  granite  veins  and  generally  lie  nearly  flat,  but  sometimes  cut 
the  gneiss  almost  vertically.  The  line  of  separation  between  the  gneiss 
and  hornblende  schist  is  usually  quite  distinct.  Nos.  276  (H),  277  (H) 
and  :78  (H). 

At  the  upper  end  of  the  Upper  Falls,  on  the  east  side  near  the  dam, 
the  gneiss  changes  into  a  jointed,  coarsely  schistose  rock  that  con- 
tains much  red  feldspar  and  a  greenish-black  mineral,  perhaps  chlo- 
^te.  This  rock  seems  in  places  to  constitute  a  bed  cutting  or  running 
through  the  gneiss,  but  the  conclusinn  reached  after  careful  examina- 
tion is  that  it  is  in  flat  beds,  and  is  a  belt  harder  than  the  rest  and 
theftfore  standing  above  it.  The  gneiss  itself  at  this  point  contains 
considerable  quartz  and  white  and  red  feldspar.     No.  283  (H). 

It  is  noticeable  that  this  gneiss  here  at  Prairie  River  falls  does  not 
We  the  appearance  of  uniform  gneiss.  It  looks  lumpy  and  as  if 
made  from  various  materials.  It  seems  as  though  it  could  easily  be- 
Jome  mica  schist,  hornblende  schist,  graywacke,  quartzyte  or  iron 
re.  Tendencies  toward  all  these  rocks  are  visible  in  it.  The  most 
^rmanent  and  generally  prominent  feature  is  the  nearly  flat  gneissic 
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structure.*    The  gaeiss  is  much  coarser  at  the  head  of  the  Upper  Falls 
than  at  the  foot. 

Above  the  falls  the  banks  of  Prairie  river  are  composed  of  sand 
containing  more  or  less  gravel.  Boulders  are  numerous  and  produce 
rapids  in  the  rirer.  The  drift  does  not  seem  to  contain  any  lime- 
stone. Some  of  the  banks  are  of  sand,  fifteen  or  twenty  feet  high. 
There  are  many  springs  of  cold  water  issuing  near  the  bottom  of  these 
banks. 

In  the  S.  E.  i  of  N.  E.  i  sec.  5,  56-24,  gneiss  protrudes  through 
the  moss  and  soil  in  a  swamp.  It  is  in  very  many  rough  angular 
pieces  of  all  sizes  that  seem  to  have  been  split  up  by  the  action  of 
frost.  It  is  all  of  about  the  same  nature,  fine  biotite,  muscovite 
gneiss.    No.  279  (II). 

Quite  a  ridge  of  gneiss  similar  to  the  last  is  seen  in  the  S.  W.  i  of 
S.  W.  i  sec.  4,  56-24.  It  is  found  in  large  masses  that  have  been  split 
apart  to  a  depth  of  ten  feet,  in  places,  by  the  action  of  frost.  They 
are  somewhat  rounded  and  smoothed  on  top.  No.  280  (H).  This 
locality  may  be  in  the  N.  W.  i  of  N.  W.  i  sec.  9.  56-24.  This  rock 
is  near  the  surface  for  a  quarter  of  a  mile  or  more  south  of  here.  The 
ground  is  high  and  covered  with  a  good  forest.  Knobs  of  granite 
project  here  and  there.  No  trap  rock  was  seen,  though  it  is  marked 
on  the  government  plats. 

No  281  (H)  is  from  the  S.  W.  i,  sec.  33,  57-23.  It  is  gneiss;  the 
rock  lies  in  regular  masses  on  the  surface.  It  appears  to  be  closely 
connected  with  the  bed  rock. 

In  the  bed  of  Sucker  brook,  in  sec.  27,  57-24,  is  found  some  fine, 
bluish -gray  clay  in  beds  of  unknown  depth.     No.  282  (H).     Much  of 
this  section   of  the  country  seems  to  be  underlain  by  clay  beds,  as 
springs  of  cold  water  are  very  numerous. 

MISSISSIPPI  RIVER. 

In  Twp.  54  24  the  banks  of  the  river  are  25  feet  high  or  more.  They 
are  composed  of  sand  for  15  feet  from  the  surface.  The  rest  of  them 
is  composed  of  fine,  hard  clay,  red  and  blue,  in  thin  beds.  The  top 
beds  of  this  clay  are  red,  and  there  are  also  thin,  red  layers  in  the  blue 
strata  all  the  way  down.     No.  284  (H). 

This  clay  continues  to  form  part  of  the  banks  where  they  are  over 
ten  feet  high  for  twenty  or  thirty  miles  farther  down  the  river  (ten 
miles  below  the  mouth  of  Swan  river,  in  township  52-23).  Most  of  it 
is  bluish-gray  clay  and   is  more  sandy  than  the  red  layers.     A  thin 

'Mr.  Bailey  Willis  In  vol.  zv,  Dth  Censoe.  p.  460,  describes  this  gaeu«  m  being  wiihoat  bedding. 
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layer  of  fine  sand  separates  each  stratum  of  clay  from  the  ones  next 
to  it.  This  clay  forms  the  bed  of  the  river  in  many  places.  It  is  so 
hard  that  one  can  hardly  stick  a  knife  into  it.  It  is  not  in  perfectly 
horizontal  layers  everywhere,  but  the  strata  undulate  apd  have  a 
wavy  appearance  in  places,  and  again  are  flat  or  slightly  inclined. 

A  short  distance,  perhaps  ten  miles,  above  Sand  lake  is  the  first  rapid 
and  first  accumulation  of  boulders  seen  below  Grand  Rapids.  From 
here  down  boulders  are  quite  numerous.  Below  Sand  lake  the  clay 
strata  appear  only  occasionally  and  have  a  slightly  different  aspect, 
containing  more  sand.  The  banks  are  lower  and  all  seem  to  be  al- 
luvial. 

There  were  reports  circulated  at  Grand  Rapids  of  silver  ore  found  in 
township  61-23.  The  locality  was  not  visited,  but  a  sample  of  the 
rock  from  there  was  obtained  of  the  postmaster  at  Grand  Rapids. 
This  was  assayed  by  Mr.  C.  F.  Sidener,  who  reported  **no  gold  or 
silver. '  * 

TRIP  TO   PELICAN  LAKE. 

The  rock  in  the  N.  E.  i  of  the  S.  W.  i,  sec.  4,  63-18,  is  gueissic 
mica  schist.  It  is  cut  by  intrusions  of  gneiss  and  syenite  gneiss.  It 
rises  forty  of  fifty  feet  above  the  stream  connecting  Hoodoo  lake  with  . 
Partridge  lake,  and  above  Hoodoo  lake.  There  is  no  fall  in  the  stream 
between  these  lakes,  which  is  wide  and  dead  water  all  the  way.  No. 
286  (H)  is  from  the  above  mentioned  locality.  There  is  very  little 
rock  exposed  on  the  shore  of  Hoodoo  lake.  The  schist  in  this  region 
has  a  very  gneissic  appearance  and  might  be  called  fine  gneiss  rather 
than  schist.  It  contains  both  muscovite  and  biotite  as  well  as  hydro- 
mica. 

In  the  N.  E.  i  of  S.  E.  i,  sec  5,  63-18,  the  rock  is  schist  containing 
mica  that  is  partly  hydrated.  It  also  contains  some  hornblende  and  is 
very  siliceous.  Small  veins  of  quartz  run  all  through  the  rock  in  the 
direction  of  the  strike.  There  are  also  lenticular  masses  of  quartz  in 
the  schist.  Strike  is  about  E.  20^  S.  Dip  is  S.  70°  to  vertical.  There 
are  intrusions  of  granite  in  the  schist.  Fine  particles  of  pyrite  are 
scattered  through  the  rock.     No.  287  (H). 

A  few  rods  west  of  the  last,  along  the  strike,  the  rock  assumes  a 
more  perpendicular  dip  and  contains  much  chlorite  which  gives  place 
to  hornblende  a  little  farther  west. 

The  schist  here  is  much  jointed  and  is  composed  almost  wholly  of 
hornblende.  It  is  quite  ferruginous  and  heavy  in  places^  and  disturbs 
the  needle.     Samples  are  No.  288  (H). 
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A  little  further  west  along  the  strike,  which  is  ia  a  ji^eneral  east  and 
ivest  direction,  the  schist  becomes  like  syenite  gneiss,  and  is  Guar 
ii:rained.  It  rises  in  perpendicular  beds  sixty  feet  above  the  lake. 
Some  of  the  thin  beds  are  much  more  hornblendic  than  others;  some 
contain  both  mica  and  horn  blende.  The  whole  hill  is  cut  by  intru- 
sions of  granite,  intricately  crossing  and  re-crossing  each  other.  No. 
289  (H).  The  intrusions  contain  thin  Tcins  of  a  hard,  green  mineral, 
probably  epidote.  There  are  small  cavities  in  the  hard  crystalline 
rock,  filled  with  a  soft  white  substance,  like  kaolin.  Parts  of  these 
intrusions  are  also  felsitic. 

Soft,  red  mica  schist  ia  seen  at  the  portage  near  the  west  end  of 
Hoodoo  lake,  N.  W.  i  of  S.  E.  i,  sec.  5,  63-18.  Fine-grained  silice- 
ous mica  schist  is  seen  on  the  portage  from  Hoodoo  lake  to  Susan  lake, 
which  lies  just  north  of  it. 

No.  291  (H)  is  from  a  small  island  in  the  north  side  of  Susan  lake, 
in  sec.  32,  64-18.  It  is  fine  mica  schist,  which  assumes  a  gneissic 
texture  on  the  same  island.  This  schist  dips  S.  W.  50%  and  strikes  E. 
70''  S.  It  is  mostly  quite  solid  and  firm,  and  contains  fine  particles  of 
pyritc.  The  features  of  the  rock  in  this  lake  are  the  strike  and  dip. 
The  latter  is  generally,  at  a  low  angle,  W.  S.  W.  The  schist  con- 
tains many  wavy  sheets  or  beds  of  gneiss.  In  one  place  there  is  a 
mass  of  hornblende  schist,  inclosed  in  the  mica  schist  and  cnt  by  the 
same  granite  intrusions.  It  has  the  same  strike  as  the  mica  schist. 
The  continuation  of  it  is  covered  on  both  sides,  but  later  it  can  be 
traced  for  five  rods,  sometimes  a  foot  thick,  sometimes  only  an  inch, 
running  through  the  mica  schist.  This  rock  seems  to  be  composed 
almost  wholly  of  hornblende  and  biotite,  with  some  feldspar.  No. 
2i>2  (H).     Some  of  it  seems  to  contain  graphite.     No.  292 A  (H). 

No.  293  (H)  is  from  the  S.  E.  i  of  S.  E.  i,  sec.  32,  64-18.  It  is 
mica  schist,  with  thin  sheets  of  green  mica.  The  schist  itself  has  a 
rosy  or  pink  ticge.  The  rock  in  the  southeast  end  of  Susan  lake  is 
gneiss  interbedded  with  schist.     No.  294  (H). 

ELBOW    LAKE. 

On  the  north  side  of  the  Portage  from  Susan  lake  to  Elbow  lake*- 
probably  in  the  N.  E.  i,  sec.  32,  64-18— is  a  round  point  of  mica 
schist  and  gneiss  that  projects  into  the  lake  a  short  distance.  The 
strike  is  east  and  west.     Glaciation  is  N.  26°E. 

Twisting,  winding  veins  of  granite  run  all  over  the  surface  of  this 
point.  One  intrusion  about  four  inches  wide  (No.  1  in  the  sketch) 
runs   with   the   bedding  nearly  straight  for  several   feet,  and   cats 
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-through  a  bed  of  gueiss  (No.  S)  two  feet  wide  that  cuts  the  schigt  into 
ao  invgularly  shaped  mass.  The  thin  intrasion  (No.  1)  after  con- 
formiDg  with  the  Echist  for  a  distance,  turns  off  and  splits  up  into 
thin  threads,  cutting  the  schist  as  well  as  the  feelers  from  the  gneiss 
bed  (No.  2}.  No.  2  is  also  cut  by  a  fine  dark  vein  of  granite  (No.  S) 
that  also  runs  across  the  beds  of  schist.  No.  1  cuts  both  N<^  2  and 
No.  3.  It  is  pinker  than  the  others,  and  is  coarser  at  the  edges  than 
in  the  middle.     No.  2  is  coarser  than  Nos.  1  and  3. 


Fig.  ^2  —Granite  intritshns  in  mica  schist.  Elbow  lake. 

Sometimes  the  beds  of  gneiss  contai  a  enclosed  masses  of  mica  schist 
which  generally  preserved  the  strike  of  the  schist  on  both  sides  of  the 
gneiss.  The  following  diagram  of  such  inclosed  masses  of  schist  was 
made  from  rock  seen  east  of  the  round  point  on  Elbow  lake  illustrated 
in  the  last  figure. 
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Fig.  13. — Oneiss  containing  masses  of  mica  schist  interledded  with  mica 
schist.     Elbow  lake. 

The  dip  is  about  vertii^al;  sometimes  a   little  one  way,  and  some- 
iroes  the  other.     Many  of  the  thin   beds  of  schist  are  hornblendic  as 
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well  as  micaceous; — tbe  hornblende  crystals  standing  out  on  the  sur- 
face and  giving  a  black  color  to  those  beds.  The  rock  is  quite  gen- 
erally covered  by  moss  and  lichens  when  not  obscured  from  view  by 
overlying  soil. 

A  sample  of  the  mica  schist  from   the  south-east  bay  of  Elbow  lake 
is  N<f  295  (H). 

A  little  north  of  the  last  the  rock  is  a  regular  alternation  of  gneiss  and 
mica  schist  in  beds  of  variable  thickness.  The  general  trend  is  N. 
80''  E,  and  the  prevailing  dip  is  to  the  south,  sometimes  as  low  as  45°* 
There  are  also  granite  intrusions  cutting  gneiss  and  schist  alike.  The 
strike  changes  a  little  in  going  farther  east,  becoming  about  N.  60°  E. 
Much  more  intrusive  granite  is  seen.  In  some  places  it  has  flowed 
over  the  schist  and  lies  unconformably  upon  its  upturned  edges.  Much 
of  the  gneiss  is  fine  tind  very  micaceous;  none  of  it  is  very  coarse. 

At  the  east  side  and  end  of  the  lake  the  gneiss  lies  nearly  flat — quite 
so  in  places.  It  has  been  folded  and  bent  in  large  waves  so  that  it 
dips  in  all  directions;  now  are  seen  the  crumpled  edges  and  again  the 
convex  tops  of  the  distorted  strata. 

At  the  northeast  end  of  the  lake  the  strike  of  the  gneiss  and  schist 
has  changed  to  N.  20""  E.  Here  it  is  impossible  to  tell  which  is  bedded 
gneiss  and  which  intrusive  granite:  it  all  seems  to  cut  the  schist  in 
one  place  or  another.  Gneiss  that  seems  to  have  fl(»wed  over  on  the 
upturned  strata  of  mica  schist  is  cut  by  granite  intrusions  that  also 
cut  the  schist. 

The  flatness  of  the  schist  beds  around  the  east  and  north  end  of  El* 
bow  lake  is  quite  striking.  The  rock  rises  in  bluffs  forty  feet  above  the 
lake;  and  granite  intrusions  can  be  seen  cutting  the  schist  and  beds  of 
gneiss  at  all  angles  from  horizontal  to  vertical.  Some  of  it  is  a  fine 
breccia;  but  the  most  noticeable  feature  is  the  general  horizontal 
position  of  the  strata. 

The  gneiss  and  schist  in  the  hills  east  of  the  northeast  end  of  the 
lake  are  stirred  and  mixed  most  thoroughly.  Oneiss  and  schist  alike 
are  bent  and  doubled  on  themselves  as  a  piece  of  paper  crumpled  in 
one's  hand  would  be.  The  gneiss  is  maiuly  composed  of  feldspar  in 
very  angular  crystals,  some  an  inch  and  a  half  long  and  of  a  red  color. 
Much  of  the  schist  is  hornblendic. 

There  is  a  dyke  (  ?)  of  rock,  similar  to  No.  292  (H),  six  inches  wide 
running  through  the  schist  and  gneiss  uninterruptedly  for  a  good 
many  feet.  Its  course  is  N.  80°  E.  It  is  composed  chiefiy  of  horn- 
blende, mica  and  feldspar.     No.  297  (H.) 

On  the  point  which  projects  into  tbe  lake  from  the  north  side  of  tlie 
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ake  the  rock  is  the  usaal  mixture  of  micaceous  and  hornblendic  schist 
ind  gneiss.  The  gneiss  being  harder  it  is  slower  in  submitting  to  the 
srosive  action  of  the  lake  and  the  elements,  and  so  it  appears 
io  predominate  largely;  but  there  is  a  fair  proportion  of  schist  with 
t.  The  schist  lies  in  all  possible  positions  and  relations  to  the  gneiss; 
)Yer  it  and  under  it,  twisted  around  it  and  enclosed  in  it.  The  usual 
ntrusious  of  granite  cut  it  in  all  directions.  These  are  much  more 
-egular  in  their  course  and  shape  than  the  beds  of  gneiss.  There  are 
iwo  or  three  series  of  them,  crossing  and  cutting  each  other  in  vari- 
ous directions.  There  is  no  uniform  strike  or  dip  to  the  strata  here; 
mt  the  apparent  tendency  is  to  assume  a  north  dip.  The  rock  be- 
omes  more  gneissic  as  we  go  north,  and  does  not  seem  to  be  pene- 
rated  by  so  many  granite  intrusions. 

A  little  southwest  of  the  last  the  solid  rock  rises  up  nearly  100  feet 
boYe  the  lake.  It  is  mostly  gneiss  of  different  colors  and  degrees  of 
oarsencss;  some  lying  j9at'and  some  on  edge  cut  by  other  beds  in  all 
orts  of  ways.  Some  of  the  main  body  of  the  rock  is  fine,  gray  biotite 
neiss  in  flat  strata.  It  resembles  the  gneiss  at  the  Upper  Falls  of 
'rairie  river.  No.  300  (H).  Some  of  it  is  coarsely  granular,  contain* 
ipT  pink  and  white  feldspar  and  mixed  with  mica  schist.  No.  301  (H). 

No.  302  (H)  is  from  a  bay  near  the  west  end  of  the  lake.  It  is  the 
ark,  fine,  heavy  rock  composed  mostly  of  mica  and  hornblende  which 
as  already  been  labelled  No.  292  (H)  and  297  (H).  It  is  interbedded 
I  vertical  strata  with  mica  schist  and  gneiss;  strike  is  N.  80^  E. 
uat  west  of  this  the  rock  is  similar  but  contains  more  feldspar.  It  is 
I  beds  with  gneiss  and  schist  that  contain  both  mica  and  hornblende, 
lit  the  mica  predominates.  Glaciation  here  is  N.  28''  E.  The  hills 
orth  of  the  west  end  of  Elbow  lake  consist  of  gneiss  and  hornblendic 
lica  schist.  They  are  immense  rounded  knobs  of  rock  almost  desti- 
ite  of  vegetation  and  half  covered  with  loose  fragments  of  boulders 
ad  debris  from  the  hillside.     They  rise  150  feet  above  the  lake. 

ELBOW   RIVER. 

A  small  stream  leaves  Elbow  lake,  and  after  tumbling  down  a  winding 
len  around  boulders  and  over  solid  rock  for  about  a  quarter  of  a  mile  be- 
omes  a  small  river  with  no  apparent  current  most  of  the  way  to  Pelican 
iver,  into  which  it  flows.  This  is  Elbow  river.  There  is  a  high  ridge 
f  hills  south  of  it  and  considerable  high  rocky  ground  north  of  it. 
(^hen  any  large  amount  of  the  rock  in  this  region  has  a  uniform  strike 
;  is  about  east  and  west.  All  of  the  rock  around  Elbow  lake  contains 
56 
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more  or  less  hornblende,  and  most  of  it  is  decidedly  acidic.  The  soul 
shore  of  Elbow  Lake  follows  the  changing  strike  of  the  rock  qaite^ 
closely. 

Going  down  Elbow  river  the  first  rapid  is  just  at  the  outlet  of  the  ^ 
lake.  The  next  is  2i  or  3  miles  below.  The  hills  here  rise  about  200^ 
feet  above  the  river  on  each  side.  They  are  almost  bare  knobs  of^ 
gneiss,  containing  more  or  less  schist  interbedded  with  it.  The  hillK 
on  the  north  side  of  the  rapid  is  called  Bald  mountain. 

The  country  for  a  few  miles  around,  as  seen  from  the  top  of  Bald  J 
Mt.,  is  rough  and  hilly  and  probably  all  composed  of  this  same  forma- 
tion.   There  is  generally  a  strip  of  swamp  along  the  river.    The  rivei^ 
bed  is  remarkably  level  for  such  a  hilly  country.     Elbow  river  flows, 
into  Pelican  river  about   two  miles  south  of  the  east   bay  of  Pelican- 
lake — probably  in  sec.  18,  64-19.     Samples  of  the  gneiss  from  the  top 
of  Bald  Mt.  are  No.  304  (H).     The  mica  schist  from  the  same  place  is 
No.  305  (H).     The  gneiss  is  hornblendie  or  chloritic,  and  is  a  fine- 
grained, siliceous  rock  with  fine  veins  of  a  light  green  mineral  run- 
ning through  it. 

#  PELICAN  LAKE. 

The  shores  of  this  lake  are  not  very  high  nor  rocky,  i.  e.,  with  solid 
rock.     Most  of  the  coast  is  either  sandy  or  boulder-bound. 

Pink  gneiss  is  found  in  the  N.  E.  i  of  S.  W.  i,  sec.  2,  64-20  It 
grades  into  mica  schist  in  the  immediate  vicinity.  The  apparent  dip 
here  is  south,  but  there  is  so  little  continuity  in  strike  or  dip  that  the 
general  direction  cannot  be  determined.  Nos.  306  (H)  and  307  (H). 
The  south  side  of  the  point  at  the  same  place  consists  of  beds  of  mica 
schist  and  gneiss  that  dip  west  and  strike  north  and  south.  The 
schist  is  hard  and  fine-grained;  the  gneiss,  gray  and  fine.  No. 
308  (H). 

The  island  in  the  N.  E.  i  of  S.  E.  i,  sec.  3,  64-20,  is  composed  of 
gneiss  and  schist  and  granite  intrusions.  The  schist  is  both  mica- 
ceous and  hornblendie.  The  general  strike  is  north  and  south,  with  a 
high  dip  to  the  west.  The  surface  of  the  rock  presents  a  most  intri- 
cate commixture  of  veins,  dykes,  beds  of  schist  and  gneiss  and  granite 
intrusions.  The  last  thing  to  come  in  was  a  small  dyke  of  green- 
stone about  three  inches  wide,  running  N.  30^E.  It  cut  all  the  rest, 
but  has  been  faulted  off  two  or  three  feet  since,  and  thus  been 
changed  in  its  direction. 

Samples  from  the  dyke  are  No.  309  (H.).  It  was  traced  for  aboai 
three  rods.     Glaciation  here  is  N.  36^  E.     At  the  same  place  there  isft 
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.  \i.— Pelican  Lakf.     Git,  gncts*.     S.,  mica  and  hornblende  sehtat. 
D.  B.,  granite  intrusion.     D.,  small  dyke  of  greenstone. 

d  of  greeniBh  rock  composed  of  mica,  hornblende,  Teldspar  and 
laps  rguartz,  running  through  the  rock  in  an  east  and  west  diref- 
.     Streaks  or  threads  ot'gneJRs  run  all  through  and  across  it,  and 

it  a  mottled  appearance.  It  is  about  six  inches  wide  and  can  be 
ed  in  a  straight  course  for  fire  or  six  rods.  It  maintains  about 
same  thickness  during  this  distauce.  Where  it  passes  through 
Dt  there  is  generally  a  line  of  granite  to  separate  it  from  the 
at.  Where  it  cnts  gneiss  there  is  no  distinct  line  of  separation, 
the  gneiss  runs  right  down  into  it  in  the  threads  spoken  of  above. 

dark  parts  of  this  band  of  rock  have  a  kind  of  schistosity  in  the 
ction  of  the  Tein. 

he  island  near  the  centre  of  sec.  3,  61-20,  is  composed  of  the  same 
tnre  of  gneiss  and  schist  and  rises  50  feet  above  the  lake.  There 
long,  smooth  beds  of  rock  which  is  half  gneiss,  half  schist,  on  the 
t  side  of  the  island.  These  beds  strike  north  and  south  and  dip 
W.  Much  of  the  schist  contains  both  hornblende  and  mica,  and 
e  of  the  gneiss  is  syenite  gneiss.  Occasionally  dark,  homblendic 
;  is  seen,  just  as  much  bedded  as  the  rest  and  evidently  part  of  the 
istion,  but  looking  much  more  like  eruptive  rock.  Some  of  it 
tains  round  grains  and  feldspar  that  look  like  amygdules.  Noa. 
(H)  and  310A  (H). 

.  the  N.  E.  i,  sec.  12,  64-21,  the  rock  is  massive  gneiss.  The  only 
s  of  mica  schist  are  a  few  small  lenticular  mnsses  of  it,  four  to  six 
ea  long  which  are  enclosed  in  the  gneiss.    The  rock  is  in  low,  flat 
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outcrops.  It  contaius  hornblende  and  is  somewhat  porphyritic^  No. 
311  (H).  It  does  not  exhibit  any  granite  intrasions  nor  other  rock 
cutting  it  in  any  way.  The  same  rock  appears  on  the  next  point  to 
the  west,  and  here  contains  masses  of  mica  schist,  12  to  14  inches 
long.  It  is  also  more  porphyritic,  containing  orthoclase  crystals  U 
inches  long. 

The  point  in  the  N.  E.  i  of  N.  W.  i,  sec.  12,  64-21,  is  composed  of 
this  same  rock.  It  contains  a  few  masses  of  hardened  mica  schist 
two  or  three  feet  in  diameter. 

No.  312  (H).  This  rock  is  very  similar  to  that  which  forms  the 
falls  at  Fort  Francis;  the  points  of  resemblance  being  its  porphyritic 
nature,  the  presence  of  horn  blende  crystals  as  well  as  mica,  nogneissic 
structure  apparent,  enclosed  masses  of  mica  schist,  and  position  to  the 
west  of  a  disturbed  region  of  gneiss  and  mica  schist.  It  is  probably  the 
continuation  of  the  same  belt  of  rock  as  that  at  Ghaudiere  falls.  Im- 
mense, rounded  pieces  of  this  rock  lie  on  the  surface,  some  of  them 
twenty  feet  in  diameter. 

No.  313  (H).  is  siliceous  gneiss,  coarse,  granular  and  white.  It  oc- 
curs in  thin  beds  in  the  mica  schist  on  a  point  in  the  N.  E.  i  see.  85, 
65-20.  On  one  side  of  it  is  mica  schist  with  the  biotite  in  round  spots. 
The  strike  of  the  gneiss  and  schist  here  is  north  and  south;  dip  at  & 
high  angle  to  the  west.  The  gneiss  predominates  and  is  largely  in 
thick  beds.  Both  gneiss  and  schist  are  penetrated  by  granite  intra* 
sions  that  run  for  the  most  part  east  and  west.  These  are  very  sili- 
ceous, contain  white  orthoclase  and  have  an  indistinct  gneissic  arrange- 
ment of  the  mica.     No.  314  (H). 

A  small  island  supposed  to  be  about  in  the  S.  E.  i  sec.  26,  65-20  is 
composed  of  gneiss  and  hornblendic  mica  schist.  Strike  is  N.  30^  E., 
dip  N.  W.  75^  more  or  less.     Glaciation  N.  30^  E. 

The  beds  of  hornblendic  mica  schist  are  more  decomposed  than  the 
rest  of  the  schist. 

One  of  these  beds  of  schist  cuts  into  the  mica  schist" proper  in  some 
of  its  curves,  for  it  is  not  quite  straight  though  it  follows  closely  the 
bedding  of  the  mica  schist,  and  is  cut  by  the  same  granite  intrusions 
as  the  mica  schist  No.  316  (H).  The  specimens  are  from  the  hard- 
est part  of  the  bed,  which  is  about  six  inches  thick  and  has  a  gneissic 
arrangement  of  the  minerals. 

The  next  point  to  the  northwest,  about  a  quarter  of  a  mile,  is  com- 
posed of  gneiss  and  schist;  the  latter  containing  more  or  less  horn- 
blende all  through  it.  The  strike  varies  from  N.  30°  E.  to  N.  50**  E. 
There  is  a  high  dip  to  the  N.  W.     Glaciation  N.  24*»  E.    The  schist 
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is  dark,  hornblendic  rock  containing  vitreous  quartz  grains  and  ap- 
parently but  little  feldspar.  No.  317  (H).  Some  of  the  schist  is 
harder  and  finer  and  less  schistose  than  the  samples.  Much  of  it  con- 
tains fine  particles  of  pyrites. 

The  extremity  of  the  point  consists  almost  wholly  of  gneiss  enclos- 
ing large  masses  of  schist.  Some  of  the  gneiss  is  quite  coarse,  con- 
taining feldspar  crystals  over  two  inches  long.  Much  of  it  looks  like 
the  coarse  gneiss  seen  on  Rainy  lake,  and  some  of  it  is  pegmatitic. 
The  finer  gneiss  contains  hornblende  as  well  as  mica. 

On  one  point  in  section  26,  65-20,  the  gneiss  contains  pockets  of 
amphiboly te  (?).  They  are  round  or  irregularly  shaped  masses  that 
have  no  resemblance  to  the  gneiss  and  no  visible  connection  with  the 
flchist  beds  or  any  other  beds.  They  are  simply  enclosed  in  the  gneiss. 
No  sample  could  be  obtained. 

Just  across  the  bay  from  the  last  point,  to  the  north,  the  rock  of 
the  point  is  half  way  between  mica  schist  and  gneiss,  but  looks  on  the 
whole  more  like  schist.  It  contains  and  lies  along-side  of  beds  of 
hornblendic  mica  schist  such  as  is  commonly  found  imbedded  with 
j^neiss  in  all  this  region.  They  are  both  cut  by  intrusions  of  granite. 
Thus  we  have  here,  instead  of  gneiss  proper  folded  around  mica  schist 
or  squeezed  into  it  in  a  plastic  state,  mica  schist — for  it  is  that  rather 
than  anything  else — enclosing  and  interbedded  with  irregular  masses 
and  strata  of  entirely  different  mica  schist.  No.  318  (H).  This  is 
somewhere  near  the  N.  W.  i,  sec.  26,  65-20.  The  general  strike  is 
about  N.  20**  E. 

In  the  bay  north  of  the  last  is  a  small  rock  island  composed  princi- 
pally of  gneiss.  The  enclosed  mica  schist  is  like  No.  318  (H)  and  not 
like  the  more  schistose  schist  with  which  that  is  associated.  The 
schist  and  gneiss  on  this  island  are  cut  by  an  ii  regular  intrusion  vary- 
ing in  width  from  four  to  ten  inches.  It  is  noticeable  that  the  intru- 
sions which  seem  to  have  been  latest  and  have  cut  all  the  rest  are 
generally  pinkish  or  reddish;  while  the  bedded  gneiss  is  white  or  but 
slightly  pinkish,  as  a  rule;  though  some  of  it  is  red  rather  than  pink. 

On  this  same  small  island  the  gneiss  that  conforms  with  the  beds  of 
schist  for  a  short  distance  and  is  cut  by  the  granite  intrusion  men- 
tioned above,  in  its  turn  strikes  off  in  a  mass  two  feet  and  more  in 
thickness,  cutting  through  the  schist — or  at  least  across  the  strata, 
and  constituting  what  might  be  termed  a  "dyke-bed  "  without  being 
paradoxical. 

The  south  side  of  the  small  island  just  west  of  the  last  is  composed 
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for  the  mosfc  part  of  handsome  gray  gneiss,  slightly  porphyritic.     It » 
cut  by  the  usual  granite  intrusions.     No.  319  (H)  i^  a  sample. 

On  the  shore  of  the  mainland  about  100  paces  north  of  the  island 
the  rock  rises  30  feet  above  the  lake.  It  it  mica  schist  and  syenite 
gneiss  with  granite  intrusions.  It  contains  varying  amounts  of  horn- 
blende and  grades  in  places  from  syenite  to  a  dark,  heavy,  fine-grained 
rock  almost  all  hornblende.     It  seems  to  contain  some  epidote.     No. 

320  (H). 

For  some  distance  along  the  shore  to  the  west  the  rock  is  syenitic 
gneiss  and  mica  schist.  A  little  further  along  some  immense  masses 
of  schist  and  gneiss  stand  up  in  the  water  near  the  shore,  fifteen  feet 
above  the  surface.  They  seem  to  have  constituted  one  enormous^ 
boulder,  now  split  and  broken  into  several  irregular,  jagged  masses. 

The  large  island  southwest  of  the  last-mentioned  locality  presents 
an  appearance  similar  to  that  of  the  coarse  gneiss  at  the  east  end  of 
Rainy  lake.  It  is  a  mixture  of  coarse  gneiss  and  mica  schist.  The 
schist  predominates  at  the  southwest  end  of  the  island.  The  strike  is 
N.  20^  E.  Dip,  W.  N.  W.  70^  The  backbone  of  the  island  is  prin- 
cipally gneiss,  containing  a  little  mica  and  hornblende  schist  in  irreg- 
ular masses  and  short  beds.  This  gneiss  is  very  siliceous,  the  coarse, 
vitreous  quartz  lying  in  it  in  masses  several  inches  across.  The  feld- 
spar is  pink  or  white  orthoclase,  and  is  also  very  coarse;  the  largest 
crystals  being  over  six  inches  long  The  mica  is  muscovite;  and 
scales  two  inches  square  can  be  obtained. 

The  gneiss  incloses  masses  of  hornblende  schist.     Samples  are   No. 

321  (H).  The  mixture  of  mica  in  fine  scales,  and  quartz  in  small 
grains,  such  as  seen  at  the  east  end  of  Rainy  lake,  is  found  here,  too. 
Perhaps  this  may  be  called  greisen,  but  it  does  not  seem  massive 
enough  to  answer  the  usual  definition.  Some  of  the  large  feldspar 
crystals  here  contain  quartz  arranged  in  such  a  way  as  to  form  graphic 
granite.  At  the  northeast  end  of  the  island  there  are  siliceous  beds 
in  the  schist  containing  pjrite,  hornblende,  malachite,  chalcopyrite 
and  a  greenish -yellow  mineral  that  was  not  determined.  No.  322  (H). 
These  beds  are  a  foot  or  two  feet  wide,  and  continue  for  some  dis- 
tance, disappearing  under  the  lake.  The  coarse  gneiss  here  contains 
some  biotite,  as  well  as  muscovite. 

On  the  large  point  west  of  here  is  found  the  usual  mixture  of  gneiss 
and  mica  schist  both  containing  more  or  less  hornblende.  Strike  is 
N.  35°  E.  Some  of  the  schist  enclosed  in  the  gneiss  has  been  somQch 
changed  and  resembles  the  gneiss  so  closely  that  one  is  hardly  able  to 
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discern   the  outlines  of  the  former  schist  masses      Much  of  it  is  ex- 
ceedingly  hornhlendic 

Od  the  hill  north  of  the  point  there  is  a  breccia  It  is  a  gneissic 
schist  containing  anirular  masses  of  hornblendic  Bchist  of  all  sizes  up 
to  two  or  three  feet  in  diameter  Man>  of  them  have  their  lougest 
direction  across  the  schist  beds  They  seem  to  be  much  metamor- 
phoaeil.     The  breccia  also  contains  pieces  of  gneiss  a  foot  long. 


Fig.  n.  —  Breeeia.     Pelican   Lake. 

There  are  also  in  this  breccia  pieces  of  schist  with  gneiss  running 
through  them.  There  is  a  schistose  or  flowage  structure  running  X. 
35"  £.,  and  conforming  somewhat  to  the  shapes  of  the  enclosed  masses. 
This  breccia  extends  nearly  to  the  south  end  of  the  point. 

The  island  just  ivest  of  this  point  is  composed  mostly  of  micaceous, 
porphyritic  syenite  very  poor  iu  silica.  It  is  massive  and  contains 
large  irregular  masses  of  mica  and  hornblende  schist  and  gneiss.  It 
has  a  contact  with  rocks  similar  to  those  enclosed  in  it,  on  the  ea^t 
side  The  direction  of  this  contact  is  N.  20°  to  N.  24°  E.  In  some 
places  this  rock  resembles  a  coarse  breccia,  aiid  elsewhere  a  conglom- 
erate, the  faint  outline  of  formerly  enclosed  masses  being  visible.  It 
has  the  appearance  on  the  surface  of  having  heea  heated  to  a  boiling 
condition,  and  the  uneven  surface  covered  with  curved  lines  and  half- 
broken  bubbles  reminds  one  of  oat-meal  when  cooking.  It  is  cut  by 
one  or  two  narrow  granite  or  rather  grannlyte  intrusions.  It  also  con- 
tains a  few  masses  of  red  granulyte  wholly  enclosed  iu  it.  When  it 
has  been  washed  and  weathered  by  the  lake  a  schistose  structure  or 
something  similar  appears,  the  rock  weathering  in  wavy  lines  and 
sheets. 

The  small  island  nearly  a  mile  west  of  the  last  consists  of  pyritifer- 
ous,  micaceous,  gamitiferous,  chloritic  (?)  syenite  gneiss.  The  rock 
that  lies  to  the  west  of  this  and  is  similar  to  the  Fort  Francis  rock 
grades  into  this  and  into  rock  more  hornblendic  than  this.  This  rock. 
is  all  laminated  in  thin  sheets  having  a  low  dip  to  the  north.  Kos.- 
3£5  (H)  and  825A  (H). 
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In  section  86,  65-21,  the  whole  shore,  where  it  is  high,  is  formed  of 
the  Fort  Francis  rock  and  its  Tariations.  The  main  part  of  it  is  quite 
similar  to  that  which  forms  the  falls  at  Fort  Francis,  but  maeh  of  it 
is  similar  to  No.  325  (I!).  It  contains  masses  of  pure,  unchanged 
mica  schist  ten,  twelve  and  even  forty  feet  across.  This  schist 
is  cut  by  granite  intrusions  and  stands  for  the  most  part  in  rer- 
tical  beds.  Some  of  the  mica  schist  inclusions  are  very  much  smaller, 
only  six  inches  wide  and  two  feet  long  or  less.  The  schist  has 
a  rery  abrupt  contact  with  the  rock  in  which  it  lies.  There  are 
also  inclosed  in  this  rock  numerous  rounded  and  irregular  pieces  of 
rock  quite  similar  in  api>ear&nce  to  the 'main  part  of  tbe  rock,  but 
generally  more  horoblendic.  The  inclusions  are  porphyritic  and  in 
other  ways  have  a  close  resemblance  to  the  rock  which  contains 
them,  and  yet  they  are  decidedly  different  and  probably  were  much 
more  so  formerly.  The  granite  intrusions  may  be,  and  probably  are, 
stringers  from  the  main  mass  of  the  rock.  The  mica  schist  which  is 
contained  in  this  rock  has  email  round  "geodules"  on  the  surface. 
They  are  little  geodea  having  a  quartz  crust  with  garnets  inside.  One 
enclosed  mass  of  scbist  is  cut  by  a  small  dyke  of  trap  which  has  a 
slight  schistose  structure.    The  glaciation  here  is  -finely  marked  N. 

■— '  -  -     ^  j 


Fig.  ^(i—Iiira-ia.     Pilieait  lake. 
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In  the  N.  E.  i  sec.  35  (?)  65-20,  the  gneiss  and  mica  schist  are  cut 
by  granite  intrusions.  Some  of  them  are  garnetiferous.  Tourmaline 
crystals  were  found  in  the  gneiss  which  is  inierbedded  with  the  schist 
at  this  point.  The  rock  is  mostly  fine  gneiss.  One  of  the  large 
granite  intrusions  on  the  east  side  of  the  point  consists  largely  of 
pegmalyte.  This  looks  much  like  the  coarse  gneiss  seen  at  Rainy 
lake.     The  trend  of  the  graphic  granite  intrusion  is  N.  25^  E. ;  width, 

feet;  length  of  exposure,  150  feet.  It  contains  muscovite  crystals 
2i  inches  across.     No.  331  (H.) 

In  the  N.  W.  i  sec.  36  (?)  65-20,  the  rock  is  principally  mica  schist 
and  interbedded  gneiss.  Irregular  masses  of  a  greenish,  heavy  rock, 
consisting  mostly  of  hornblende,  are  contained  in  the  gneiss.  These 
masses  are  not  over  two  feet  long,  and  have  an  abrupt  contact  with 
the  gneiss. 

In  the  N.  E  i  sec.  36  (?)  65-20,  the  rock  is  principally  mica  schist 
containing  some  very  even  beds  of  gneiss  and  cut  by  granite  intru- 
sions running  directly  across  the  strata. 

NET  LAKE. 

This  lake  is  reached  by  making  a  four-mile  portage  from  Pelican 
lake  and  descending  a  small  stream  nearly  to  the  lake.  The  name  of 
this  lake,  Sabikweness,  signifies  a  fish-net;  hence  this  name  should  be 
spelled  with  but  one  t,  Net.  The  lake  is  almost  entirely  surrounded  by 
swamps  and  is  shallow  so  that  a  lauding  place  is  hard  to  find. 

In  only  one  place  near  the  lake  was  any  considerable  exposure  of 
rock  seen.  This  is  on  a  small  island  near  the  east  side  of  the  lake, 
just  west  of  the  Indian  village.  This  island  is  composed  of  mica  schist 
and  interbedded  gneiss  cut  by  granite  intrusions.  The  whole  is  then 
cut  by  a  large  dyke  of  greenstone  from  which  stringers  have  been  sent 
out  across  and  through  the  other  rock. 

The  west  and  north  sides  of  the  island  are  beautifully  polished  by 
glacial  action,  the  striatious  running  N.  20^  E.  to  N.  21^  E.  The 
strike  of  the  schist  is  N.  58^  E.  The  direction  of  the  dyke  is  about 
^orth  and  south.  The  dip  of  the  schist  is  about  S.  70^.  There  is 
much  magnetite  in  the  dyke-rock.  This  dyke  cuts  the  granite  in- 
trusions and  contains  a  few  feet  of  one  of  them  in  it  lengthwise. 

The  first  solid  ground  south  of  where  the  river  enters  the  lake  on 

the  east  side  is  now  cultivated  by  the  Indians  for  a  potato-patch.    It 

was  formerly  the  site  of  an   Indian  village;  and  many  chips  of  flint 

and  quartz  as  well   as  broken  pottery  and  fragments  of  copper  are  to 

be  found  there.     A  few  scrapers  and  imperfect  arrow-points  and 
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knives  were  foand  here.  The  Indian  who  owns  the  potato  patch  nyi 
that  he  has  seen  quantities  of  arrow-points,  but  has  never  preserret 
any. 

The  portage  from  Pelican  lake  is  about  four  and  a  quarter  nila 
long.  It  is  a  good  trail  and  leads  to  a  small  stream  about  two  mibi 
from  Net  lake.  There  is  not  much  difference  in  the  elevatioa  of  fh» 
two  lakes.  Net  lake  being  a  little  lower  if  anything.  The  cooiitij 
between  them  is  covered  with  drift  for  the  most  part;  manjlai|p 
boulders  and  much  gravel  and  sand  are  seen,  but  little  or  no  soU 
rock.  The  hills  north  and  northeast  of  Net  lake  contain  mach  rod 
and  so  probably  do  the  hills  south  of  the  lake,  though  they  are  nil 
to  consist  only  of  boulders  and  drift  material.  Solid  rock  crops  oat ii 
the  midst  of  the  Indian  village  at  Net  lake.  It  is  mostly  mica  sebiii 
containing  round  or  lenticular  masses  of  gneissic  rock. 

TROUT  LAKE. 

The  stream  from  this  lake  into  Vermilion  lake  is  a  short  one.  Iti^ 
quite  rapid  and  is  full  of  boulders  and  loose  fragments  of  rock.  Tin 
remains  of  an  old  water-wheel  and  stamp-mill  are  visible  at  thefootof 
the  rapids.  Angular  masses  of  white  quartz  lie  around.  They  cofr 
tain  pyrite  and  siderite.     No.  333  (H). 

The  rock  in  the  river  channel  is  a  mixture  of  mica  and  hornblenoe 

schist  and  gneiss.     There  are  fine  veins   of  red  feldspar  penetrating 

'  the  rock  in  all  directions.     Most  of  the  gneiss  contains  both  orthocIiM 

and  plagioclase  and  more  or  less  pyrites.     The  general  strike  seems  to 

be  east  and  west.     Nos.  334  (H)  to  337  (H). 

The  point  in  the  S.  W.  i  of  N.  W.  i  sec.  19,  63-15  is  composed  al- 
most wholly  of  mica  schist.  There  are  a  few  narrow  veins  or  striof 
ers  of  gneiss  running  through  it  in  various  directions,  and  one  or  two 
granite  intrusions  of  considerable  thickness.  The  mica  schist  hert 
does  not  seem  to  contain  any  hornblende. 

In  the  N.  W.  i  of  N.  W.  |  sec.  19,  63-15.  the  rock  is  mostly  a  fiWi 
gray,  biotite  gneiss,  slightly  prophyritic  and  containing  irregular  is 
ciUsions  of  mica  schist.  No.  338  (H).  On  the  north  side  of  thepoin^ 
at  the  same  place  the  rock  is  syenite  gneiss  in  nearly  flat  beds.  No 
340  (H).  The  schist  with  which  it  is  bedded  and  into  which  ii  gni 
nates  is  also  liornblendic.  The  gneiss  is  pyritiferous.  There  i> 
heavy  covering  of  drift  here  and  many  boulders  lie  around. 

In  the  S.  E.  i  of  N.  E.  ]  sec.  13,  63-16,  there  is  an  exposure  M 
feet  long  of  fiat  bedded  gneiss  and  mica  schist.  It  is  in  bluffs  13  fe< 
to  20  feet  high.     The  gneiss  and  schist  grade  into  eaek  other  audi 
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'uate  in  beds  of  all  thicknesses  up  to  three  feet.  Most  of  it  is  fine- 
ained  and  more  or  less  decomposed.  No.  341  (H).  These  horizon- 
I  beds  of  gneiss  and  schist  are  cut  by  one  or  two  nearly  vertical 
ftuite  intrusions.  No.  342  (H).  The  feldspar  in  both  the  gneiss 
d  granite  is  yellowish-white,  and  some  of  it  is  iron-stained.  They 
th  contain  more  or  less  hornblende. 

In  the  S.  W.  i  of  S.  W.  i  sec.  13,  63-16,  is  a  large,  low  exposure 
gneiss  and  mica  schist  interbedded  in  vertical  strata,  and  cut  by 
rtical  granite  intrusions  from  an  inch  to  four  feet  thick,  running  in 

directions  through  and  across  the  beds.  Strike  is  E.  54^  S.  The 
[list  is  typical,  biotite  mica  schist.  The  gneiss  is  fine-grained  yellow 
ck,  similar  to  most  of  that  in  this  region.  Following  this  along  the 
ore  in  a  southeasterly  direction  we  soon  come  upon  a  perpendicular 
ill  of  rock  with  a  smooth  face  twenty  feet  high  and  one  hundred 
;t  long.  This  looks  like  a  wall  of  masonry  made  of  thin  slabs  laid 
rizontally.  On  careful  inspection  it  appears  that  most  of  the  gneis- 
\  structure  and  the  arrangement  of  the  minerals  in  lines  and  bands 
vertical,  and  the  beds  are  laminsB  or  sheets  instead  of  strata.  In 
ich  of  it  there  is  no  gneissic  structure  evident.  In  places  the 
eissic  structure  dips  S.  W.  45^.  This  rock  is  horublendic  as  well 
micaceous  and  contains  granitic  veins.  No.  343  (H).  The  direc- 
»n  of  the  face  of  t|}is  wall  is  E.  70^  S.,  and  the  general  direction  of 
B  gneissic  vertical  beds  in  it  is  about  the  same,  some  being  however 

40^  S.  At  the  edge  of  the  water  this  appearance  of  laminsB  disap* 
ars  and  the  rock  seems  to  be  as  usual  in  vertical  strata.  Quantities 
boulders  and  pieces  of  the  adjacent  rock  line  the  shores  of  this  lake. 
The  rock  on  the  point  in  the  S.  W.  i  of  the  S.  E.  i  sec.  14,  63-16, 
gneiss  and  syenite  gneiss  containing  a  little  schist,  both  mica  and 
rnblende.  It  seems  to  be  in  vertical  strata.  The  syenite  gneiss 
itains  rounded  or  lenticular  lumps  or  nodules  of  actinolite  mixed 
bh  a  little  mica.  These  nodules  are  four  inches  long,  on  an  aver* 
^  and  vary  from  light,  grayish-green  to  greenish-black  in  color. 
ey  are  much  softer  on  the  exterior  than  a  short  distance  within. 
0  hornblende  on  the  exterior  is  altered  from  some  softer  mineral, 
fl.  845  (H)  and  345A  (H). 

n  the  N.  W.  i  of  S.  E.  i  sec.  14,  63-16,  the  shore  rises  up  almost 
'pendicularly  for  forty  feet.  It  is  mica  schist  containing  a  little 
•istf.     It  is  all  pervaded  by  more  or  less  hornblende.     The  strata 

much  disturbed  here,  and  have  no  permanent  dip.    The  strike  is 
40^8. 
n  the  N.  W.  i  sec.  14,  63-16^  the  rock  is  principally  a  reddish,. 
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biotite  gneiss,  some  of  it  quite  coarse  and  containing  pyrite.  It  lies 
across  the  mica  schist  beds,  which  are  vertical  for  the  most  part,  but 
have  been  much  distorted  in  places.  No.  346  (H).  This  reddish 
gneiss  is  itself  cut  by  thin,  light  yellow  or  white  granite  veins. 

lied  chlorite  gneiss  is  found  in  the  S  E.  i  of  S.  W.  i  sec.  15,  63-16. 
It  occurs  in  vertical  beds  with  strata  of  micaceous,  hornblendic  schist. 
Some  of  the  beds  are  bent  considerably  and  have  a  low  dip  to  the 
north. 

Near  the  centre  of  sec.  15,  63-16,  the  bluffs  rise  60  feet  or  more 

vertically  or  in  overhanging  masses.      It  is  principally  mica-schist 

.with  some  gneiss  and  a  few  veins  of  pyritiferous  quartz.     The  schist 

itself  is  gneissic  and  almost  massive;  it  is  in  such  thick  beds.   Where 

there  is  any  bedding  structure  visible  it  is  wavy  and  distorted. 

In  the  N.  E.  }  of  S.  E  |  sec.  10,  63-16,  the  granite  shores  rise  40 
feet  above  the  lake  in  smooth,  sloping  ridges.  Hornblende  and  a  few 
other  accessory  minerals  are  present.  In  places  the  granite  is  quite 
coarse,  orthoclasc  crystals  four  inches  long  being  noticed.  Some  of 
it  is  pegmntitic.  In  some  of  this  coarse  granite  the  muscovite  scales 
are  set  in  or  surrounded  by  quartz      Nos.  348  (H)  and  349  (H). 

From  here  north  the  shores  seem  to  be  wholly  granite,  no  schist 
being  mixed  with  it.  It  is  all  decidedly  acidic  and  does  not  contain 
much  mica.  The  feldspar  is  orthocluse.  It  is  jointed  in  various  di- 
rections. Sometimes  it  seems  to  lie  nearly  flat,  sheets  of  it  lying  over 
each  other,  dipping  to  the  southeast.  Granite  from  the  S.  E.  i  sec. 
11,  63-16,  is  No.  350(H). 

Syenite  is  found  in  the  N.  E.  i  of  N.  W  isec.  11,  63-16.  It  con- 
tains red  orthoclasc,  dark  hornblende,  and  but  little  quartz.  Epidote 
is  a  common  ingredient.  It  has  much  the  same  appearance  and  man- 
ner of  occurrence  as  the  granite.  It  is  inclined  to  be  porph3'ritic  in 
places.     No.  351  (H). 

Across  the  bay  in  N.  E  }  sec.  11,  63-16,  the  rock  appears  to  lie  in 
flat  beds.  It  is  gneiss  with  about  equal  amounts  of  mica  and  horn* 
blende.  Some  of  it  is  almost  schist,  and  some  is  granulytei  It  is  cut 
by  intrusions  of  granite.     No.  352(H). 

In  the  S.  E.  i  of  N.  E.  j  sec.  11,  63-16,  the  rock  is  fine,  gray, 
biotite  gneiss,  containing  plagioclase  feldspar.  It  is  quite  firm  and. 
solid,  but  contaius  mica  schist  beds  and  lumps  in  which  the  strata 
run  nearly  north  and  south.  Glaciation  is  N.  16^E.  No.  353  (H). 
Portions  of  this  same  gneiss  are  very  coarse,  and  the  feldspar  is 
orthoelase  with  the  pcgmatitic  character. 

Low,  flat  exposures  ot  granite  or  gneiss  are  seen  in  the  N.  E.  i  of 
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sec.  2,  63-16.  It  is  mostly  fine-grained  rock  similar  to  353  (H). 
It  has  bands  of  coarse  granite  running  through  it  or  lying  on  the  sur- 
face. The  line  of  contact  or  of  separation  from  them  is  indistinct. 
Most  of  it  has  the  appearance  of  being  in  beds  dipping  to  the  south- 
east at  an  angle  of  30^  or  less.  But  in  some  of  it  there  is  an  indis- 
tinct gneissoid  structure  which  is  about  vertical.  The  shores  are 
piled  up  for  about  ten  or  fifteen  feet  back  from  the  lake,  by  the  action 
of  the  elements,  with  masses  of  the  subjacent  rock  and  with  boulders 
of  granite.  The  gneiss  contains  a  little  hardened  schist,  and  some- 
times approaches  the  fineness  of  schist  itself;  but  generally  it  is 
coarse,  firm  and  compact. 

Low  exposures  of  porphyritic,  micaceous  gneiss  are  seen  on  the  point 
in  the  N.  W.  i  of  N.  E.  i  sec.  35,  64-16.  In  places  it  assumes  the 
character  of  a  breccia,  and  contains  angular  masses  of  hornblendic 
rock  similar  to  that  at  the  west  side  of  Pelican  lake. 

Much  fine  pine  grows  around  this  lake.  The  water  is  clear  and  the 
lake  shores  and  islands  are  beautiful.  In  many  places,  however,  low 
reefs  of  rock  extend  out  into  the  lake  but  a  short  distance  below  the 
surface  of  the  water;  thus  making  it  difficult  as  well  as  dangerous  for 
a  canoe  to  land.  In  fact  all  of  the  shores  have  a  very  gradual  slope 
into  the  lake. 

A  large  exposure  has  been  caused  by  fire  in  the  S.  E.  i  of  S.  W.  i 
sec.  26,  64-16.  It  is  gneiss,  partly  fine  and  partly  coarse.  Part  of  it 
is  mica  schist  and  part  half-way  between  schist  and  gneiss.  Coarse 
masses  of  iron-stained  quartz  are  seen  here;  also  some  coarse  feldspar. 
In  all  this  region  there  is  a  more  or  less  striking  appearance  of  hori- 
zontal lamination  in  the  rock.  In  almost  every  place  careful  examina- 
tion reveals  the  fact  that  the  rock  has  a  gneissic  texture  that  is  verti- 
cal or  nearly  so.  Also  when  any  schist  beds  lie  in  the  gneiss  they 
seem  to  be  in  vertical  strata. 

The  point  in  the  west  half  of  N.  W.  i  sec.  30,  64-15,  is  composed  of 
gneiss  and  mica  schist  rising  about  40  feet  above  the  lake.  At  this 
place  there  is  also  a  good  display  of  the  horizontal  lamina)  and  verti- 
cal gneissic  structure.  The  thin  beds  of  schist  which  are  in  the 
gneiss  are  bent  and  doubled  up  like  a  letter  S,  The  general  strike  is 
east  and  west. 

There  is  a  most  enormous  pile  of  "cobblestones '*  here.  Just  to 
the  southeast  of  the  long  sand  beach  in  the  S.  E.  i  of  S.  E.  i  sec.  24, 
64-16,  is  a  pile  of  them  20  feet  or  more  in  hight  and  extending  for 
200  or  300  paces  along  the  shore.  They  are  rounded  and  polished 
nicely  and  are  from  four  inches  to  a  foot  in  diameter. 
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At  the  north  end  of  the  lake  the  rock  becomes  more  regular  in  its 
bedding  and  dip.  The  latter  is  north,  at  a  high  angle.  At  the  yery 
end  it  is  mostly  gneiss;  but  contains  more  schist  or  gneissic  schist  than 
the  gneiss  a  mile  or  two  south.  Giaciation  in  the  N.  E.  i  of  S.  E.  i 
sec.  18,  64-15,  is  N.  36^  E. 

Coming  south  through  sees.  30  and  31,  64-15,  the  beds  of  gneiss  and 
schist  gradually  become  more  and  more  distorted  and  irregular.  The 
dip  gradually  goes  from  yertical  to  horizontal,  and  the  strike  is  ex* 
tremely  variable.  The  beds  are  about  horizontal  in  the  S.  W.  i  of 
of  N.  £.  i  sec.  31, 64-15.  They  are  cut  by  vertical  granite  intrusions. 
In  the  N.  E.  i  sec.  32,  64-15,  there  is  considerable  mica  schist,  quite 
regularly  interbedded  with  gneiss,  having  a  strike  E.  60^  S. ;  dip, 
N.  60^ 

7/1  general.  This  lake  lies  on  an  anticlinal.  The  flat-lying  beds  are 
in  the  middle  or  on  the  top  of  this  anticlinal,  and  the  strata  dip  north 
at  the  north  end  and  south  at  the  south  end  of  the  lake.  The  bays 
and  general  contour  of  the  lake  do  not  conform  with  the  general 
strike  of  the  formation,  showing  that  the  rock  is  very  irregular  in  its 
beHding  and  dip. 

Much  hornblendic  rock  is  seen  on  the  west  side  of  the  lake  and 
hardly  any  on  the  east  side.  Much  fine  pine  grows  around  the  lake. 
Most  of  it  is^  taken  by  pre-emption.  The  shores,  as  said  above,  are 
wretched  for  landing,  large  piles  of  boulders  and  loose  masses  of 
rock  extending  far  out  into  the  lake  from  nearly  every  part  of  the 
shore. 
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Rainy  lake,*  low  and  high  water,  approximately  1115-1120; 

mean 1117 

Rainy  river,  rapids  k  mile  long,  just  below  Rainy  lake 1117-1114 

Rainy  river,  Chaudiere  falls,  at  Fort  Francis,  descending 

23  feet 1114-1091 

Lake  of  the  Woods,  low  and  high  water,  1057-1063;  mean.  1060 

Bowstring  lake,  determined  by  U.  S.  engineers 1321 

*Hlnd8'  Narrative  of  the  Canadian  Ejcplorinp  Expedition*,  London,  1800,  vol.  ii,  pp.  399-40t.    Cor- 
rected by  Upham  throngh  compari!>on  with  survey  ofC.  P.  R.  R. 
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Ofi  Boicstring  river. 

Miles  from  moatb  of 

BowstriDg  river. 

(Whiitleiey.) 

Headf  of  "fall  of  6  feet  over  trappose  rock"  esti- 
mated about  70  ft.  above  the  mouth  of  this  stream.  82  1240 

"Rapid  of  4  feet  over  hornblende  slate" 75  1225 

"Fall  of  29  feet  over  gneiss  and  mica  slate" 45        1179-1150 

Mouth  of  Opimabonowin  river 40  1140 

Junction  with  Rainy  Lake  river 0  1085 

Bed  lake,  approximately 1150 

tVnittUeM7*t  RepoH  of  Exploratiom  in  the  Mineral  Rtgiont  of  Minnuoixh  18M.    Corrected  bj  oom- 
pariion  with  leTellng  obtenratioos. 
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LIST    OF   SPECIMENS    COLLECTED    BY  H.   V.   WINCHKLl 

DURING  THE  SUM^fER  OP  1887. 

LITTLE   FORK   BIVEE. 

No.  75  (H).     Massive,  green  dioryte  with  a  little  biotite  (?}. 

On  north  side  of  river  about  two  miles  below  Wakemaup's  portagi. 

No.  76  (H).    Siliceous  mica  schist  containing  dolomite  or  calcite. 
From  Rapid  No.  1  three  miles  below  last. 

No.  76 A  (H).  Biotite  granite  containing  masses  of  muscovitegnn- 1 
ite,  also  containing  calcite.     Same  locality. 

No.  76B  (H).    Sample  of  schist  similar  to  76  (H);  but  contftininS 
grains  of  vitreous  quartz.     A  little  south  of  last. 

No.  77  (H).  Tough,  massive,  crystalline  rock,  containing  magnetite- 
Underlies  Rapid  No.  1. 

No.  78  (H).  Mica  schist  containing  also  hydromica.  From  Bapi^ 
No.  2,  four  miles  below  last;  three-quarters  of  a  mile  above  th^ 
mouth  of  Rice  river. 

No.  79  (H).  Siliceous  schist.  From  Rapid  No.  3,  just  below  th< 
confluence  of  Little  Fork  and  Rice  rivers. 

No.  80  (H).  Mica  schist  cut  by  gneiss.  South  side  of  river,  thie^ 
miles  below  Rapid  No.  6. 

No.  81  (H).  Greenish  mica  schist  containing  pyrite.  North  8i4< 
of  river,  four  miles  below  last. 

No.  82  (H).  From  "  Big  Falls ''  of  Little  Fork,  about  a  mile  belo^ 
last.  Fine-grained,  compact,  green  schist;  much  jointed  and  pr0 
senting  many  different  aspects  in  different  strata. 

No.  82A  (H).  A  greenish-black  mineral  found  in  seams  and  join^ 
of  last. 

No.  83  (H).  Micaceous  syenite  gneiss  containing  lumps  of  a  gree 
material.     Two  miles  below  last. 

No.  84  (H).  Drift  limestone  from  a  gravel  bank  about  a  mileai*' 
a  half  below  Rapid  No.  10. 

No.  85  (H).  Clay  concretions  from  clay  bank  on  north  side  of  riv^ 
about  three-quarters  of  a  mile  below  Rapid  No.  12. 

No,  86  (H).  Pophyritic  garnetiferous,  micaceous  syenite.  FroO' 
Rapid  No.  13,  half  a  mile  below  last. 
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No.  87  (H).  FossiliferouB  drift  limestone.  From  Rapid  No.  17, 
about  three  miles  and  a  half  below  the  mouth  of  Sturgeon  river. 

No.  88  (H).  Syenite  gneiss.  Just  above  Rapid  No.  19.  Graduates 
into  greenish,  hornbiendic  mica  schist  containing  little  quartz. 

No.  89  (H).  Fine,  green  schist,  hardened  and  jointed.  From  Rapid 
No.  20. 

No.  90  (H).  Fine,  Iight*colored  dyke  rock,  cutting  last;  composed 
of  quartz,  feldspar,  mica,  hornblende  and  garnets. 

No.  91  (H).  Mica  schist.  From  south  side  of  river  just  above 
Rapid  No.  22. 

No.  91A  (H).     Mica  schist,  diiferent  from  last  and  enclosed  in  it. 

No.  92  (H).     Fossiliferous  drift  limestone  from  below  Rapid  No.  27* 

No.  93  (H).  Lignite.  From  bed  of  a  creek  that  enters  on  the  east 
side  of  the  Little  Fork  a  short  distance  below  Rapid  No.  27. 

No.  di  (H).    Cretaceous  shale.    From  same  locality. 
'  No.  95  (H).     Shale  containing  fossils.     Same  locality. 

No.  96  (H).     Shale  containing  gravel.     Same  locality. 

No.  97  (H).     Shale  containing  crystallized  aragonite. 

No.  98  (H).     Drift  conglomerate  from  the  same  creek-bed. 

No.  99  (H).    Red  sandstone.    From  drift  in  same  creek-bed. 

No.  100  (H).  Mica  schist  from  Oak  rapids,  half  a  mile  below  Sel- 
ler's camp. 

No.  101  (H).    Granite,  interbedded  with  mica  schist  at  same  place. 

No.  102  (H).  Mica  schist  containing  numerous  garnets.  From 
foot  of  Oak  rapids. 

No.  103  (H).  Drift  conglomerate,  Rapid  No.  30,  west  line  of  sec. 
7,  66-24. 

No.  104  (H).  Mica  schist,  interbedded  with  gneiss  and  containing 
more  or  less  hornblende.  From  Rapid  No.  31,  just  below  the  place 
where  the  river  leaves  Twp.  65-24. 

No.  105  (H).  Syenite  or  dioryte,  hard,  massive  and  not  at  all 
jointed.     From  the  next  point  below  Rapid  No.  31.  * 

No.  106  (H).     Doleryte,  from  dyke  just  above  Rapid  No.  37. 

No.  107  (H).    Mica  schist,  cut  by  gneiss.     Rapid  No.  39. 

No.  107A  (H).  Same  gneiss  containing  garnets,  beryl  (?)and  tour- 
maline 

No.  107B  (H).     Tourmaline;  same  locality. 

No.  108  (H).  Samples  of  inclusions  in  107  (H)  composed  of  biotite 
and  augite  (  ?) 

No.  109  (H).    Boulder  clay.    From  west  bank  of  river  about  four 
milea  and  a  half  below  Rapid  No.  39. 
68 
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No.  110  (H).  Black  gravel  and  sand.  Prom  northeast  side  of  riTer 
about  four  and  a  half  miles  beluw  Rapid  No.  40«  {Onakaiamis  baekiik)m 

BAINT   LAKE  RIVER. 

No.  Ill  (II).  Pyritous,  chloritic  mica  schist.  From  a  small  island 
in  the  river  three  miles  and  a  half  below  Fort  Francis. 

No.  112  (H).     Mica  schist.     Same  place  as  last. 

No.  113  (H).  Green  hydromica  schist,  British  side  of  river,  a  mile 
and  a  half  below  Fort  Francis. 

No.  114  (H).  Siliceous  schist  containing  mica  more  or  less  hydraied. 
Same  locality  as  last. 

No.  115  (H).  Dyke  rock  with  superinduced  schistosity.  Same 
place. 

No.  116  (H).  Quartzose  beds  in  mica  schist.  A  short  distance  ap 
the  river  from  last. 

Nos.  117  (H),  117A  (H),  117B  (H),  117C  (H)  and  117D  (H)  illa». 
trate  a  gradual  transition  from  massive  porphyry  to  mica  schist.  From 
41  small  island  in  the  river  about  a  mile  below  Fort  Francis. 

No.  117E  (H)  shows  an  abrupt  contact  between  the  two. 

No.  117F  (H).  A  porphyritic  nodule  or  inclusion  in  the  mica 
fichist.     Same  locality. 

Nos.  118  (H)  and  118 A  (H).  Specimens  of  rock  similar  in  appear* 
ance  and  from  contiguous  strata;  one  containing  mica,  the  other  horn- 
blende.    From  a  small  island  just  east  of  the  last. 

No.  119  (H).  Showing  contact  between  the  schist  inclusions  and 
the  porphyry  which  contains  them.     Same  locality. 

No.  120  (H).  Porphyritic  schist  containing  both  mica  and  horn- 
blende.    Same  locality. 

No.  121  (H).  Greenstone  having  the  appearance  of  trap,  from  the 
west  end  of  a  dyke  (?)  on  the  American  bank  a  short  distance  above 
last  locality. 

No.  121A  (H).  A  specimen  from  the  same  dyke  (0  ten  feet  farther 
•east,  having  a  schistose  structure. 

No.  122  (H).  Doleryte  (?).  From  a  dyke  a  little  farther  up  stream 
tiian  the  last. 

No.  122A  (H).  Specimen  from  the  same  dyke  resembling  the  por- 
phyry which  it  cuts. 

No.  123  (H).  Porphyry  containing  chlorite  and  pink  feldspar. 
Near  last. 

No.  124  (TI).    Mica  schist  grading  into  diabase.     Same  locality. 

No.  125  (H).      Porphyritic  gneiss.     From  the  falls  at  Fort  Francis. 
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No.  126  (H).  Porphyritic  sy.enite,  containing  red  and  green  feld- 
spar.   N.  W.  i  sec.  35,  71-24. 

No.  127  (H).  Fine,  jointed  mica  schist.  Canadian  side  of  the  river 
at  the  Indian  agency. 

BAINY   LAKE. 

No.  128  (H).  Mica  schist  and  siliceous  schist  in  fine  beds,  twisted 
and  folded  together.     East  side  of  point  in  N.  W.  i  sec.  29,  71-23. 

No.  129  (H).  Semi-crystalline  rock  in  dyke-like  beds,  generally, 
but  not  always,  conformable  to  the  schist.  From  N.  E.  i  sec.  29, 
71-23. 

No.  130  (H).  Mica  schist,  containing  veins  of  quartz  stained  very 
Jark  red.    N.  W.  i  sec.  2S,  71-23. 

No.  131  (H).     Felsitic  mica  schist.    Same  locality. 

No.  132  (H).  Fine,  hard,  green  mica  schist.  Center  of  sec.  28, 
71-28 

No.  133  (U).  Mica  schist,  with  long,  slender  crystals  of  hornblende 
on  the  surface.     Same  locality. 

Nd.  134  (H).    Trap  rock.    From  a  dyke  in  N.  E.  i  sec.  28,  71-23. 

No.  134A  (H).  Same  rock,  with  crystals  of  epidote  (  ?)  on  weath- 
•ered  surface. 

No.  185  (H).  Soft,  ferruginous  schist  in  mica  schist.  A  little  east 
of  last. 

No.  136  (H).  Hard,  micaceous,  hornblende  schist.  A  little  east  of 
last. 

No.  137  (H).  Heavy,  black  mineral,  occurring  in  veins  in  the  rock 
at  last  locality. 

No.  138  (H).    Dyke  rock  from  a  small  dyke  just  east  of  last. 

No.  139  (H).  Variegated  schist,  containing  much  quartz  and  feld- 
8par  and  a  green  mineral. 

No.  140  (H).  Fine,  thin- bedded  mica  schist.  N.  E.  i  sec.  28, 
71-23. 

No.  141  (H).     Hydromica  schist.     East  of  last. 

No.  142  (H).  Gneiss  cutting  mica  schist.  South  end  of  island  in 
N.  E.  isec.  28,  71-23. 

No.  143  (H).     Granulyte  veins  cutting  142  (H). 

No.  143A  (H).  Mica  schist  in  small  beds  enclosed  in  142  (H)  and 
148  (H^. 

No.  144  (H).    Mica  schist  in  irregular  masses  enclosed  in  142  (H). 

Nos.  145  (H;,  145A  (H),  1466  (H),  145C  (H),  146D  (H),  145E  (H) 
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and  145F  (H)  show  the  change  in  the  character  of  a  dyke  from 
the  edge  toward  the  middle.    N.  E.  i  N.  E.  i  sec  27. 71-28. 

No.  146  (H).    Epidote  found  in  connection  with  the  same  dyke 
farther  southeast. 

No.  147  (H).     Sample  from  same  dyke  from  an  island  south  of  the 
point  in  N.  W.  i  sec.  26,  71-23. 

No.  148.  (H).     Coarse  dark  schist  contained  in  the  dyke  in  S.  E.  i 
sec.  26,  71-23. 

Nos.  140  (H)  and  149A  (H)  are  samples  showing  a  schistose  aspect 
of  this  dyke-rock. 

No.  150  (H).     Heavy,  black  mineral  from  mica  schist  in  S.  E.  i 
S.  W.  i  sec.  25,  71-23. 

No.  151  (H).  Siliceous  mica  schist  from  S.  E.  i  S.  E.  i  sec.  25» 
71-23. 

No.  152  (H).     Conglomeritic  mica  schist.    S.  W.  i  sec.  30,  71-22. 

No  153  (H).    Soft,  fine,  green  mica  schist.     Same  locality. 

No.  154  (H).  Pebbles  from  conglomeritic  schist,  east  of  last,  in 
sec.  30,  71-22. 

No.  155  (H).     Gneissic  mica  schist:    Same  place  as  last. 

Nos.  156  (H),  156A  (H)  and  156B  (H)  show  a  change  from  mica 
schist  to  fine  granulyte. 

No.  157  (H).  Hydromica  schist.  From  an  island  in  N.  E.  i  sec. 
32,  71-22. 

No.  158  (H).    Gneiss.    N.  E.  J  N.  W.  i  sec.  10.  70-22. 

No.  159  (H).  Soft  and  crumbling  mica  schist.  From  ''Black 
bay,"  S.  W.  i  sec.  13,  70-22. 

KABETOGAMAK. 

No.  160  (H).  Mica  schist  with  the  biotite  in  circular  aggregations 
and  spots.    N.  E.  i  N.  W.  i  section  30,  70-21. 

No.  161  (H).  Coarse  muscovite  gneiss  interbedded  with  mica  schist. 
From  the  small  island  in  S.  W.  i  S.  E.  i  sec.  30,  70-21.    - 

No.  162  (H).    Graphic  granite.     N.  E.  i  N.  W.  i  sec.  6,  69-31. 

No.  163  (H).  Coarse  gneiss.  Same  locality,  contains  scales  which 
are  half  biotite  and  half  muscovite. 

No.  164  (H).     Porphyritic,  biotite  gneiss.     S.  W.  i  sec.  25,  69-21. 

No.  165  (H).     Mica.    Sec.  31,  70-21. 

No.  166  (H).  Gneiss,  containing  much  biotite.  North  side  of  lake 
in  T.  69-20. 

NAMEKAN  LAKE. 

No.  167  (H).    Gneiss.    S.  W.  i  S.  W.  i  sec.  28,  69-19. 
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No.  168  (H).  Gneiss,  containing  much  muscovite.  N.  W.  i  S.  E. 
i  sec.  30,  69-18. 

No.  169  (H).  Gneiss.    S.  W.  i  sec.  26,  69-18. 

No.  170  (H).  Dioryte.    S.  E.  i  N.  W.  i  sec.  29,  69-17. 

No.  171  (H).  Gneiss.    S.  E.  i  N.  W.  i  sec.  21,  69-18. 

No.  172  (H).  Garnetiferous  gneiss.    Foot  of  Kettle  falls. 

RAINY   LAKE. 

No.  173  (H).  Hard,  fine,  brittle  mica  schist.  The  rock  at  the 
American  or  North  Kettle  fall. 

No.  174  (H).     Coarse  gneiss,  garnetiferous.     Same  locality. 

No.  174A  (H).    Mica  from  174  (H). 

No.  175  (H).    Hydromica  schist.     Same  locality. 

No.  176  (H).  Gneiss  containing  green  muscovite.  From  the  point 
near  the  centre  of  S.  W.  i  sec.  27,  70-18. 

No.  177  (H).    Nodule  of  hard  mica  schist      Same  locality. 

No.  178  (H).  Conglomeritic  boulder  of  mica  schist.  S.  E.  i  S. 
W.  i  sec.  21,  70-18. 

No.  179  (H).     Porphyritic,  coarse  gneiss.     Just  north  of  last. 

No.  180  (H).    Coarse  gneiss.    N.  W.  i  S.  W.  i  sec.  21,  70-18. 

No.  180A  (H).     Pegmatyte.     From  last. 

No.  181  (H).     Red  mica  .schisfc.    Same  locality. 

No.  182  (H).     Gneiss  from  an  intrusion.     Same  locality. 

No.  183  (H).     Garnetiferous  gneiss.     Same  place. 

No.  184.  (U).  Coarse,  garnetiferous  gneiss.  From  a  small  island 
in  S.  E.  i  S.  W.  i  sec.  21,  70-18. 

No.  184A  CH).  Radiated  masses  of  quartz  and  mica  in  fiue  grains 
and  scales  (greisen?).     Same  locality. 

No.  184B  (H).    Muscovite  from  184  (H). 

No.  185  (H).     Mica  schi.st  lying  on  east  side  of  184  (H). 

No.  186  (H).    Gneiss.     S.  E.  i  sec.  20,  70-18. 

No.  187  (H).     Graphic  granite.     S.  W.  i  S.  W.  i  sec.  19,  70-18. 

No.  188  (H).  Same  as  184A  (H).  From  the  point  on  the  south 
line  of  S.  E.  i  sec.  23,  70-19. 

No.  189  (H).  Garnetiferous  gneiss  containing  green  muscovite  and 
in  contact  with  mica  schist,  N.  W.  i  S.  W.  i  sec.  23,  70-19. 

No.  189 A  (H).     Same  as  184A  (H).     Same  locality  as  last. 

No.  190  (H).  Pebbles  from  a  recess  in  the  shore,  S.  W.  i  N.  W. 
i  sec.  21,  70-19. 

No.  191  (H).    Mica  schist.     N.  W.  i  sec.  20,  70-19. 

No.  193  (H).    Chloritic  mica  schist.    S.  E.  i  sec.  19,  70-19. 
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No.  192A  CB).    Hornbleudic  rock  from  veins  in  last. 


No.  193  (H).     Horizontally  stratified  mica  schist.    N.  E.  ^  N.  W. 


(H) 
i  sec.  1 5,  70-20. 

No.  194  (H).     Mica  schist.     S.  E.  \  S.  W.  i  sec.  10,  70-20. 

No  194 A  (H).     Garnetiforous  mica  schist.     Same  locality. 

No.  195  (H).     Gneiss.    S.  W.  i  S.  W.  i  sec.  9,  70-20. 

No.  196  (H).     Average  specimen  of  mica  schist  from  N.  W.  i  S.  W. 
isec.  8,  7«)-20 

No.  197  (H).     Hard  mica  schist.     S.  i  sec.  7,  70-20. 

No.  197A  (H).     Quartz  vein  in  last. 

No.  198(H).     Coarse  gneiss  containing   green  mica.     N.  E.  i  N. 
E.  i  sec.  12,  70-21. 

No.  11>8A  (H).     Fine  gneiss.     Same  place. 

No.  199  (Q).     Cyanite.     N.  E.  i  N.  W.  i  sec.  12,  70-21. 

No.  200  (H).     Garnetiferous  mica  schist.      S  E.  i  S.  W.  i  sec.  1, 
70-21. 

No.  201  (H). 

No.  202  (H). 
32,  71-20. 

No.  203(H). 
71-20. 

No.  204(H). 

No.  205  (H). 


Mica  schist.    S.  E.  i  N.  W.  i  sec.  S3,  71-20. 

^Mica  schist  v^ith  the   biotite  in  spots.     N.  £.  isec. 

Hard,  thick-bedded   mica  schist      S.   W.  i  sec.  29, 


Hydromica  schist.     N.    W.  i  S.  W.  i  sec  29.  71-20. 
Siliceous  mica  schist.  S.  W.  i  S.  E.  i  sec.  26,  71-21. 

Nos.  206  (H),  206A  (H),  206B  (H),  206C  (H),  206D  (H)  and  206E 
(H)  represent  a  transition  from  mica  schist  to  amphiboly te.  S.  E.  i 
N.  W.isec.  35,  71-21. 

No.  206F  (H).  Same  as  206E  (H\  (amphibolyte)  containing  much 
quartz  in  veins. 

No.  207  (H).  Hydromica  schist,  garnetiferous.  S.  W.  i  N.  W.  i 
sec.  14,  71-21. 

No.  208  (H). 
i  sec.  33,  71-21. 

No.  209  (H). 

No.  210  (H). 

No.  211  (H). 

No.  212  (H). 


Light-colored,  siliceous  mica  schist.     S,  W.  i  N.  W. 


Felsitic  schist.     N.  W.  i  N.  E.  i  sec.  32,  71-21. 

Mica  schist.     S.  E.  i  N.  W.  i  sec.  32,  71-21. 

Greenstone.     N.  E.  i  N.  W.  isec.  31,  71-21. 

Mica  schist.     N.  E.  i  N.  W.  i  sec.  31,  71-21. 
No.  212A  (H).     Schist  just  north  of  last. 
No.  212B  (H).     Light-colored  schist  on  both  sides  of  212  (H). 
No  213  (H).     Hydromica  schist.     S.  E.  i  S.  E.  i  sec.  24,  71-22. 
No.  214  (H.)    Light-colored^  siliceous  schist.     On  an  island  in  S.  E. 
i  S.  E.  i  sec.  28,  71-22. 
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No.  215  (H).  Siliceous  schist.  South  side  of  the  island  in  N.  E.  i 
S.  W.  i  sec.  28,  71-22. 

No.  216  (H).  Hydromica  schist  and  gray  wacke.  On  the  east  end 
of  the  island  in  S.  E.  i  sec.  19,  71-22. 

No.  217  (H).     Diabasic  schist.    N.  E.  i  S.  E.  i  sec.  19,  71-22. 

No.  218  (H).  Hydromica  schist.  South  side  of  an  island  about  a 
quarter  of  a  mile  west  of  last. 

No.  219  (H).  Light-colored,  feldspathic  mica  schist  stained  with 
iron  rust.    S.  E.  i  S.  W.  J  sec.  24,  71-23. 

No.  221  (H).  Doleryte  containing  much  magnetite.  On  the  point 
in  S.  E.  i  S.  E.  i  sec.  23,  71-23. 

No.  222  (H).     Hardened  mica  schist  lying  on  east  side  of  last. 

No.  223  (H).  Hard,  green  schjst  lying  between  mica  schist  on  the 
south  and  hydromica  schist  on  the  north.  S.  W.  i  S.  W.  i,  sec.  23, 
71-22. 

BIO  FORK  RIVER. 

No.  224  (H).  Clay  containing  fresh  water  shells.  From  banks 
fifteen  feet  high,  about  seven  miles  up  the  river. 

No.  225  (H).  *  Mica  schist  containing  large  garnets.  From  drift  at 
same  place. 

No.  226  (H).  Greenstone.  East  bank  of  river,  about  thirty -three 
miles  above  Rainy  Lake  river. 

No  227  (H).  Mica  schist  and  gneiss.  Just  below  the  "  Big  falls, ''^ 
aboat  forty-one  miles  up  the  river. 

No.  227A  (H).    Dyke  rock  cutting  No.  227  (H). 

No.  228  ( H).     Trap.     From  dyke  at  head  of  "  Big  falls." 

No.  229  (H).  Gneiss  and  mica  schist  from  immediate  contact  with 
the  dyke. 

No.  230  (H).  Samples  of  the  gneiss  and  schist  which  underlie  the 
principal  part  of  the  falls.  (The  last  four  numbers  are  from  sec.  3& 
or  sec.  35,  155-25). 

■  

No.  231  (H).     Gneiss.     In  the  river,  about  a  mile  above  the  falls. 

No.  232  (H).  Limestone  pebbles  and  Cretaceous  shale  from  a  clay 
bank  about  sixty-three  miles  up  the  river,  near  sec.  1,  152-25. 

No  233  (H).  Fine  mica  schist.  About  seventy-seven  miles  above 
the  mouth. 

No.  234  (H).     Trap  from  dyke  a  little  above  last. 

No.  235  (H).     Schist  from  edge  of  the  same  dyke. 

No.  236  (H).  Dyke-rock,  light  colored  and  having  the  composition 
of  granite.    Same  locality. 
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No.  337  (H).    Schist;  fine,  micaceous.    Same  place. 

No.  238  (H).  Fine,  green,  diabasic  schist,  about  eighty-thn 
above  the  mouth  of  the  river  at  the  head  of  a  rapid. 

No.  239  (H).  Dyke-rock.  From  the  ''Little  falls";  about 
five  and  one-half  miles  up  the  river. 

No.  239 A.  (H).     Samples  of  green  veins  seen  in  the  dyke. 

No.  239B  (H).     Specimen  from  dyke  showing  apparent  sch 

No.  239C  (H).     "Slickensides"     from  same  dyke. 

No.  239D  (H).     From  a  vein  of  quartz  and  calcite  in  the  i] 

No.  210  (H).     Diabase,. about  forty  rods  above  the  falls. 

No.  241  (H).  Cretaceous  (?)  clay.  About  ninety-three  i 
the  Big  Fork  at  the  foot  of  a  rapid. 

No.  2i'2  (H).     Syenite  from  a  large  boulder.     Same  place. 

No.  243  (H).     Green  schist  containing  a  little  mica.     At 
on  Deer  river,  about  half  a  mile  from  the  Big  Fork. 

No.  244  (H).  Porphyritic  greenstone. '  About  three  mil 
the  mouth  of  Deer  river,  one  hundred  and  four  miles  above  tl 
of  the  Big  Fork. 

No.  244 A  (H).     Same  as  244  (H) :  but  containing  pyrites. 

No.  245  (H).  Hard,  jointed,  green  rock  similar  to  244  (H) 
two  and  one-half  miles  farther  up  stream,  contains  calcite. 

Nos.  245  (H),  246A  (H)  and  246B  (H)  are  specimens  of  di 
difiTerent  grades  of  coarseness.     About  a  mile  above  last. 

No.  247  (H).  Feldspathic  greenstone.  Foot  of  Rice  Rivf 
about  one  hundred  and  eleven  miles  above  Rainy  Lake  river. 

No.  247A  (H).     A  felsitic  variety  of  the  same  rock. 

Nos.  248  (H),  248A  (H)  and  248B  (H)  illustrate  the  chai 
greenstone  schist  to  dioryte  or  syenite.   248B  (H)  is  very  hor: 

No.  249  (H).     Feldspathic  greenstone.     A  little  south  of  li 

No.  250  (H).  Quartz  dioryte.  About  120  miles  up  the  1 
at  the  west  side  of  sec.  30,  61-26. 

No.  250A  (H).  Kock  similar  to  250  (H).*  From  east  side 
61-27. 

No.  251  (H).  Chloritic,  porphyritic  granulyte.  About  f 
above  the  last. 

No.  252  (H).     Siliceous  dioryte  (I).     About  three  miles  al 

No.  252 A  (H).     Quartz  crystals  from  a  geode  in  252  (H). 

No.  253  (H).     Syenite.     In  the  woods  24  rods  east  of  252  ( 

No.  254  (H).  Syenite.  From  the  next  bend  in  the  riv 
253  (H). 
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No.  S65  (H).  Limestone  fragments  from  the  bed  of  the  creek  lead- 
ing into  lake  Winibigoshish  in  T.  147-27. 

MISSISSIPPI   KIVBB. 

No.  256  (E).    Quartzyte.    N.  E.  i  N.  W.  i  sec.  13,  55-26. 

No.  257  (H).  Nodules  of  sesquioxide  of  iron.  From  the  quartzyte 
at  Pokegama  falls. 

No.  258  (H).  Quartzyte  showing  decomposition  and  bedding  struc* 
tnre.    Pokegama  falls. 

No.  259  (H).    Quartzyte  containing  catlinite  (?}.     Same  locality. 

PBAIRIB  RIYEB. 

No.  260  (H).  Ferruginous  quartzyte.  Foot  of  "Lower  falls"  of 
Prairie  river. 

No.  260  A  (H).     Hematite.     Same  place. 

No.  261  (H).     Quartzyte.    Lower  part  of  Lower  fall. 

No.  262  (H).  Fine  conglomerate.  About  two-thirds  of  the  way 
from  the  foot  to  the  head  of  the  Lower  fall. 

No.  263  (H).  Jaspery,  ferruginous  quartzyte  containing  chalce- 
donic  quartz.     Same  place. 

No.  264  (H).  Quartzyte;  showing  rusty  ferruginous  spots.  Same 
locality. 

No.  265  (H).     Quartzyte  from  upper  end  of  Lower  fall. 

No.  266  (H).  Gneiss,  from  a  large,  irregular-shaped  mass,  at  foot 
of  Lower  fall. 

No.  267  (H).  Fine,  gray  gneiss.  From  foot  of  *'  Upper  fall,*'  east 
side  sec.  33,  5&-25. 

No.  268  (H).  Dififerent  varieties  of  gneiss  seen  in  going  from  the 
foot  to  the  head  of  the  Upper  fall. 

No.  268A  (H).     Gypsum.     Upper  falls,  Prairie  river. 
.  No.  269  (H).     Garnetiferous  granite      Same  place. ' 

No.  270  (H).    Gneiss,  containing  red  feldspar.     Locality  the  same. 

No.  271  (H).  Gneiss,  similar  to  that  at  the  Upper  fall.  N.  W.  i 
sec.  34,  56-25. 

No.  272  (H).     Micaceous  syenite  gneiss.    Northeast  of  last. 

No.  273  (H).  Gneiss,  containing  veins  of  dark-red  feldspar.  Same 
place. 

No.  274  (H).    Dark,  green  rock,  like  doleryte.      Locality  the  same. 

No.  275  (H).  Porphyritic,  hornblendic  gneiss.  S.  E.  i  sec.  27, 
56-25. 

No.  275A  (H).     Coarse,  red,  muscovite  granite;  cutting  last. 
59 
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^o.  276  (H).  Hornblende  schist,  containing  mica.    Upper  end  of 

)per  fall. 

No.  276A  (H).    Same  as  last;  cut  by  tf  vein  of  red  feldspar 

No.  277  (H;.  Fine  hornblende  schist  cutting  the  gneiss. 

No.  277A  (H).     Showing  the  contact  between  the  gneiss  and  No. 
77  (H). 

No.  278  (H).  Fine  hornblende  gneiss.     Same  locality. 

No.  279  (H).  Fine,  biotite,  muscovite  gneiss.   S.  E.  iN.  E.  i  sec — 
5,  66-24. 

No.  280  (H).  Gneiss.     N.  W.  i  N.  W.  i  sec.  9.  56-24. 

No.  281  (I[).  Gneiss.     S.  W.  i  sec.  33,  57-23. 

No.  282  (II).  Bluish-gray  clay.  From  the  bed  of  Sucker  brook,  in 
sec.  27,  57-24. 

No.  283  (H).  Coarse,  jointed,  chloritic  gneiss.  Upper  end  of  Up- 
per  fall. 

mSSISSIPPI   RIVBB. 

No.  284  (H).  Blue  and  red  clay.  From  the  river  banks  in  T. 
54-24. 

No.  285  (H).  ''  Silver  ore,"  so-called.  T.  61-23.  (Upon  analysis, 
this  rock  was  found  to  contain  no  traces  of  either  gold  or  silver). 

HOODOO  LAKE. 

No.  286  (H).  Gneissic  mica  schist.    N.  E.  i  S.  W.  i  sec.  4,  63.18. 

No.  286A  (H).    Gneiss.     North  side  of  Hoodoo  lake. 

No.  287  (H).  Hydromica  schist,  very  siliceous.  N.  E.  i  S.  E.  j 
sec.  5,  63-18. 

No.  288  (H).  Ferruginous  hornblende  schist.     West  of  last. 

No.  289  (H).  Fine  syenite  gneiss.     West  of  last. 

No.  290  (H).  Soft',  red  mica  schist.    At.'portage  in  N.  W.  i  S.  ' 
i  sec.  5,  63-18. 

SUSAN  LAKE. 

No.  291  (H).    Fine   mica  schist.     On  a  small  island  in  sec. 
64-18. 

No.  292  (H).    Rock  composed  of  hornblende  and  biotite^  wi 
little  feldspar.    Same  locality. 

No.  292A  (H).    Same  as  last  with  graphite(  ?). 

No.  293  (H).    Pink  mica  schist  containing  green  mica.    S.  £ 
E.  i  sec.  32.  64-18. 
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No.  29^  (H).  Gneiss.  From  a  small  island  in  southeast  end  of  the 
lake. 

ELBOW    LAKE. 

No.  295  (H).  Mica  schist.  From  the  bay  east  of  the  one  to  which 
the  portage  from  Susan  lake  leads. 

No.  296  (H).     Gneiss.     From  same  bay,  north  of  last. 

No.  297  (H).  Rock  similar  to  292  (H).  From  northeast  end  of  El- 
bow  lake. 

No.  298  (H).    Chloritic  gneiss.     Same  locality. 

No.  299  (H).  Fine,  red  syenite  gneiss.  From  the  deep  bay  directly 
north  of  the  portage  from  Susan  lake,  on  the  opposite  side  of  Elbow 
lake. 

No.  300  (H).     Fine,  gray  biotite  gneiss.    Southwest  of  last. 

No.  301  (H).  Coarse  granular  gneiss  containing  pink  and  white 
feldspar.    Same  locality. 

No.  302  (H).    Rock  similar  to  292  (H).    From  a  bay  on  the  north 

side  of  the  lake  near  the  west  end. 

No.  303  (H).  Similar  to  last  but  containing  more  feldspar.  From 
a  point  west  of  last. 

No.  304  (H).     Gneiss  from  the  top  of  Bald  Mt.    North  of  Elbow 

river,  in  south  part  of  T.  64-19. 

No.  305  (H).     Mica  schist.    From  same  place. 

PELICAN   LAKE. 

No.  306  (H).     Pink  gneiss.     N.  E.  i  S.  W.  i  sec.  2,  64-20. 

No.  307  (H).     Mica  schist.     Same  locality. 

No.  308(H).  Fine  gray  gneiss.  From  south  side  of  point  in  N. 
E.  1  S.  W.  i  sec.  2,  64-20. 

No.  309  f H).  Dyke  rock  from  an  island  in  N.  E.  i  S.  E.  i  sec.  3, 
64-20. 

No.  310  (H).  Hornbleudic  mica  schist.  From  an  island  near  the 
centre  of  sec.  3,  64-20. 

No.  310A  (H).  Heavy,  dark,  hornblendic  rock  containing  round 
grains  of  feldspar  that  resemble  amygdules.    Interbedded  with  last. 

No.  311  (H).  Hornblendic  porphyritic  gneiss.  N.  E.  i  sec.  12, 
64-21. 

No.  312  (H).  Mica  schist  enclosed  in  gneiss.  From  point  in  N.  E. 
i  N.  W.  i  sec.  12,  64-21. 
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No.  313  (H).  Coarse,  granular,  white,  siliceous  gneiss.  N.  E.  i 
sec.  35,  65-20.* 

No.  314  (H).    Siliceous  granite.    Same  locality. 

No.  815  (H).  Mica  schist  containing  a  vein  of  granite.  From 
small  island  near  S.  E.  i  sec.  26,  65-20.* 

No.  316  (H).     Micaceous  hornblende  schist.    Same  island. 

No.  317  (H).  Dark  rock  similar  to  last,  but  more  schistose,  and 
containing  vitreous  quartz  grains.  About  a  quarter  of  a  mile  north* 
west  of  last. 

No.  318  (H).    Gneissic  mica  schist.     Near  N.  W.  i  sec.  26,  65-20. 

No.  318A  (H).  Mica  schist,  interbedded  with  hornblendic  mica 
schist.     Same  locality. 

No.  319  (H).     Handsome  gray  gneiss.    Just  west  of  last. 

No.  320  (H).     Syenite.    A  short  distance  north  of  last. 

No.  321  (H).  Hornblende  schist  enclosed  in  gneiss.  From  the 
island  in  N.  W.  1  sec.  26,  65-20. 

No.  321A  (H).  Samples  of  mica  and  radiations  of  mica  scales  and 
quartz  grains  (greisen  ?).     Same  island. 

No.  322  (H).  Siliceous  mica  schist  containing  pyrite,  hornblende, 
malachite,  chalcopyrite  and  a  greenish-yellow  mineral.     Same  island. 

No.  323  (H).     Breccia.     Point  near  S.  W.  i  sec.  29,  65-20. 

No.  324  (H).  Micaceous,  porphyritic  syenite.  From  an  island  in 
N.  E.  i  sec.  31,  65-20. 

No.  325  (H).  Pyritous,  garnetiferous,  micaceous  syenite  gneiss. 
From  the  small  island  in  N.  W.  i  sec.  31,  65-20. 

No.  325A  (H).     Fine,  hornblendic  gneiss.     Same  locality. 

NET  LAKE. 

No.  326  (H).  Mica  schist.  From  a  small  island  near  the  east  side 
of  the  lake,  west  of  the  Indian  village. 

No.  326 A  (H).  Rock  composed  of  feldspar,  quartz  and  some  green- 
ish-brown mineral.     Same  island. 

No.  327  (H).     Trap,  cutting  326  (H). 

PELICAN   LAKE. 

Samples  of  the  rock  on  the  point  in  sec.  35,  65-21,  and  illustrated  in 
figure  No.  16  are 

No.  328(H).     Mica  schist. 

No.  329  (H).     Hornblendic  inclusions. 

No.  330  (H).     Porphyritic  gneiss. 

*  AH  locations  given  In  Twp.  G5-20  are  only  npprozimstely  correct,  u  the  townihip  ii  annirTcyed. 
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No.  330A  (H).    Mica  schist  in  contact  with  the  gneiss. 

No.  330B  (H).     Contact  of  gneiss  with  hornblendic  inclusions. 

No.  830C  (H).    Dyke  of  fine  diabase  catting  enclosed  mica  schist. 

No.  330D  (H).     Mica  schist  containing  '^geodules*'  of  garnets. 

No.  S30E  (H).  Sample  of  granite  intrusion  or  ''stringer"  from  the 
main  mass. 

No.  331  (H).     Pegmatyte.     N.  E.  i  sec.  30,  65-20. 

No.  332  (H).  Heavy,  green  rock,  mostly  composed  of  hornblende, 
in  contact  with  gneiss.    N.  W.  i  sec.  36,  65-20. 

Mo.  332A  (H).    Same  rock  near  its  contact  with  mica  schist. 

TROUT  LAKE. 

No.  333  (H).  Siderite.  On  masses  of  quartz  at  the  old  "stamp 
mill"  on  the  stream  between  Trout  lake  and  Vermilion  lake. 

No.  334  (H).  Mica  schist.  In  the  river  channel,  between  the  two 
lakes. 

No.  335  (H).  Hornblende  schist  containing  red  feldspar.  Same 
place. 

No.  336  (H).  Gneiss,  more  or  less  hornblendic.     Same  locality. 

No.  337  (H).  Showing  contact  between  mica  schist  and  red  gneiss. 
Same  locality. 

No.  338  (H).  Fine,  gray,  porphyritic  gneiss.  N.  W.  i  N.  W.  i  sec. 
19,  63-15. 

No.  339  (H).  Gneissic  schist  with  the  mica  partly  hydrated.  Same 
locality. 

No.  340  (H).  Syenite  gneiss.    North  side  of  point  at  last  place. 

No.  341  (H).  Gneiss.     S.  E.  i  N.  E.  i  sec.  13,  63-16. 

No.  342  (H).  Granite  intrusion  cutting  mica  schist.   Same  locality. 

No.  343  (H).  Hornblendic  mica  schist.  S.  W.  iS.  W.  i  sec.  13, 
63-16. 

No.  344  (H).  Mica  schist.     Same  place. 

No.  345  (H).  Porphyritic  syenite  gneiss.  S.  W.  i  S  E.  i  sec.  14, 
68-16. 

No.  345  A  (H).     Nodules  of  amphiboly  te  and  actinolite.  Same  place. 

No.  346  (H).  Reddish  biotite  gneiss,  N.  W.  i  sec.  14,  63-16. 

No.  347  (H).  Red  chlorite  gneiss.     S.  E.  i  S.  W.  i  sec.  15,  63-16. 

No.  348  (H).  Fine,  pinkish  granite.  N.  E.  i  S.  E.  i  sec.  10,  63-16. 

No.  449  (H).  Muscovite  in  quartz.     Same  locality. 

No.  349A  (H).     Coarse  orthoclase.     Same  place. 

No.  350  (H).  Granite.     S  E.  i  N.  W.  i  sec.  11,  63-16. 

No.  351  (H).  Porphyritic  syenite.    N.  E.  i  N.  W.  1  sec.  11,  63-16. 
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No.  352  (H).    Hornblendic  gneiss.     N.  E.  i  sec.  li,  63-26. 
No.  353  (H).     Fine,  Rray,  biotite  gneiss  containing  plagioclase.   S. 
E.  i  N.  E.  i  sec.  11,  63-16. 
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HOLLOW  FAONA  OF  HINISOTA 


ULY.   S.    GRANT. 


NOTES  ON  THE  MOLLUSCAN  FAUNA  OF  MINNESOTA. 

By  Uly.  8.  Grant. 

Since  the  publication,  in  the  Fourteenth  (1885)  Annual  Report,  of 
a  list  of  the  mollusca  in  the  University  museum,  a  few  species  and  a 
larger  number  of  specimens  have  been  collected.  These  specimens- 
are  mostly  from  the  three  north-eastern  counties  of  the  state,  St. 
Louis,  Lake  and  Cook,  and  were  collected  by  the  writer  during  the 
last  two  summers,  while  with  a  party  of  the  Geological  Survey.  The 
lack  of  good  transporting  accommodations  and  press  of  other  duties 
prevented  a  very  careful  and  thorough  search  being  made,  and  as  yet 
not  more  than  half  of  the  material  so  collected  has  been  examined 
and  classified.  The  following  very  incomplete  list  is  published  with 
the  hope  that  it  will  throw  a  small  degree  of  light  on  the  fauna  of  a 
part  of  the  state  yet  unexplored.  The  writer  soon  hopes  to  make  the 
list  more  complete;  probably  twice  as  many  species  have  been  found 
in  that  region  as  are  here  given.  The  lakes  of  the  country  passed 
over  contained  only  one  species  of  Unio^  i.  e.,  Unio  lutedus,  Lamarck,. 
and  one  or  two  of  Anodonta.  The  Gasteropoda  are  represented  by  a 
very  limited  number  of  species,  and  by  far  less  individuals  than  are 
found  in  the  central  or  southern  portion  of  the  state.  The  water 
forms  are  not  abundant,  but  where  found  are  of  rather  larger  size 
than  the  same  species  found  elsewhere.  The  land  forms  are  small, 
thick  shelled,  and  possess  the  characteristics  of  a  northern  fauna. 

^o  far  the  survey  has  not  received  many  shells  from  different  parts 
of  the  state,  but  it  is  hoped  that  this  will  not  long  be  the  case.  Prof. 
John  M.  Holzinger,  of  the  Winona  Normal  school  has  kindly  con* 
tributed  a  good  number  of  specimens  from  that  county,  and  has  also 
sent  the  subjoined  list  of  Winona  county  mollusca. 

The  localities  given  below  are  additional  to  those  given  in  the  former 
list;  and  the  species  marked  (*)  are  not  found  in  that  list. 
60 
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LlMACID.fC. 

^Zonites  nitidus^  Miiller. — Rather  common  in  damp  woods  near 
Minneapolis,  easily  confused  with  Z.  arboreuSf  Say,  but  nitidus  is  a 
larger  shell,  and  the  last  whorl  is  disproportionately  large.    2101.f 

*Xonites  indentfttus,  Say. — Winona  county.  Only  three  specimens 
are  in  the  museum,  and  these  are  rather  below  the  average  size.   1894. 

*  Znnites  fulius^  Draparnaud.— Tower,  St.  Louis  county,  and  Minne< 
apolis;  quite  common;  a  very  pretty  small  shining  brown  shell. 
1050,  2093. 

*Vitrina  limpida,  Gould. — Tower,  St.  Louis  county.  Two  speci- 
mens were  found,  but  after  long  and  careful  search  no  more  could  be 
discovered.  This  is  a  very  fragile,  transparent  shell,  with  the  last 
whorl  proportionately  very  large.     1951, 

HELICID.1£. 

Patula  alternata.  Say. — Winona  and  Tower.  Only  three  specimens 
were  found  at  the  latter  place,  and  they  were  much  below  the  average 
size.  The  shells  from  Winona  are  subcarinate  and  quite  small.  1897, 
1952. 

Patula  striatella,  Anthony. — Winona  and  Tower.  Quite  common 
■at  Tower,  where  this  shell  has  very  prominent  ribs.     1886,  1953. 

Ilelicodiscus  lineatus.  Say. —  Traverse  county,  Tower,  Winona. 
Some  of  the  specimens  in  the  museum  have  three  distinct  pairs  of 
teeth.     1895,  1954, 2098. 

Strobila  labyrinihica.  Say. — Tower  and  Winona.  This  shell  has 
three  parallel  revolving  laminae  on  the  inner  wall.  The  specimens 
from  Tower  are  much  smaller  than  those  from  other  localities.  Is93, 
2055 

Stenotrema  hirsutum,  Say. — Winona.     1870. 

Stenotrema  monoion,  Rackett. — Winona  and  Minneapolis.  The 
specimens  found  at  the  latter  place  are  large  and  strong.     2102. 

*  Mesodon  albolabris.  Say. — Winona.  This  species  sometimes  has  a 
small  parietal  tooth,  and  then  it  is  easily  confounded  with  Af.  exoletutf 
Binney,  but  the  latter  shell  is  not  found  in  Minnesota.     1905.         ^ 

Mesodon  multilincata,  Say. — Winona.  The  specimens  from  this 
locality  are  much  smaller  than  those  found  at  Minneapolis.     1983. 

*  Mesodon  profundus,  Say. — Winona.  This  species  is  often  found 
crawling  along  the  trunks  of  trees.  Individuals  without  the  revolving 
band  arc  common.     1904. 


These  nambers  refer  to  the  Zoological  Regi»t«r  of  the  Uiii\-erelt7  maMnm. 


STATS  0E0L00I8T.  483 

*  Acanthuinla  harpa.  Say.— Tower.  This  species  is  thought  to  be 
ircumpo]ar;  it  is  a  very  small  umbilicated  shell  with  heavy  ribs  on 
be  last  two  whorls.     1956. 

Vallonia  pulchella,  Miiller.— Tower,  Winona  and  Big  Stone  county. 
£96,  1897,  2096. 

PUPIDJ5. 

'Pupa  fallax.  Say.— Winona.    1890. 

STSNOOYBIDiV. 

Terussacia  subcylindrica,  LinnaBus.  Tower  and  Winona.  Rather 
Te  at  Tower.    1889,  1959. 

AURICULIDA. 

Carychium  exiguum^  Say. — Tower.  Rather  com  jion  in  the  moss  in 
marack  swamps.     1964. 

LIMN.«IDiE. 

Jjimncea  stagnaliSy  Linnaeus. — Winona,  Tower  and  Lake  county. 
ot  very  common  in  the  northeastern  part  of  the  state,  but  when 
und  there  the  shell  is  usually  quite  fragile  and  of  large  size.  1880, 
•65,  2020. 

I^ulimnea  megasoma^  Say.  Vermilion  lake  and  other  lakes  in  St. 
>uis  and  Lake  counties.  Rather  rare,  only  a  few  specimens  being 
und  in  the  same  locality.  The  animal  is  quite  sluggish  in  its  move- 
^tits,  and  is  found  clinging  to  aquatic  plants  in  still  water  around 
e  mouths  of  streams.    1966,  2021,  2022. 

^ lAmnophysa  emarginata,  Say. — Found  along  the  boundary  waters 
Lake  county.     The  specimens  collecte(^  vary  much  in  size;  on  a 
^  the  corrugations  of  the  body  whorl  near  the  aperture  are  very 
^tinct.    1970. 

^Acella  gracilis.  Jay. — Vermilion  lake.  But  one  specimen  was 
^UQd,  and  this  is  only  a  little  over  half  an  inch  long,  but  the  length 
^  aboat  six  times  the  diameter;  this  is  by  far  the  most  slender  and 
^gile  of  our  Limnaeidse,  and  is  quite  rare.     1976. 

Physa  gyrinoy  Say. — Common  in  Vermilion  lake.    2026. 

Bulinus  hypnarum,  Linnsdus. — A  few  specimens  were  found  in  a 
iramp  near  Tower,  but  these  are  only  about  one  half  the  size  of 
1086  found  at  Minneapolis,  and  the  epidermis  is  rougher  and  less 
rilliant.    1982. 
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*Planorhella  campanulata,   Say.  —  Wright   coanty,  Winona,   and 
Cook,  Lake  and  St.  Louis  counties.    This  is  the  most  common  shell  of 
the  northern  lakes  of  Minnesota;  it  varies  from  two-eighths  to  five- 
eighths  of  an  inch  in  diameter,  according  to  locality.     1875,  1876, 
1983-6. 

Helisoma  corpulenta.  Say. — Vermilion  lake  and  all  over  St.  Louis 
and  Lake  counties.  This  shell  seems  to  be  quite  distinct  from  H, 
frivol vis^  Say;  it  is  much  heavier  and  much  higher  in  proportion  to  its 
diameter,  and  is  also  distinctly  carinated, — always  on  one  side  and 
frequently  on  both, — and  the  aperture  is  much  higher  than  the 
penultimate  whorl.  It  is  found  clinging  to  rocky  shores  and  reefi, 
and  seems  to  seek  places  where  the  water  is  quite  rough.     1988,  2029. 

Helisofna  bicarinatay  Say. — Vermilion  lake,  Winona,  Lake  connty, 
and  various  places  in  St.  Louis  county.  This  shell  varies  greatly  in 
size,  and  is  always  found  associated  with  Planorbella  campanulatat 
Say,  which,  however,  is  the  more  common.    1878,  1991-4. 

*Menetus  exacutus.  Say. — A  few  specimens  were  found  in  Vermilion 
lake;  one  has  the  body  whorl  deflected  for  the  last  half  of  its  length. 
1995,  1996. 

Gyraulus  deflecius^  Say. — Very  common  in  all  of  the  lakes  of  St. 
Louis,  Lake  and  Cook  counties, — in  fact,  it  is  the  only  shell  that  can 
be  said  to  be  at  all  abundant  in  that  part  of  the  state;  it  is  found  in 
large  numbers  clinging  to  the  rocky  shores  of  the  lakes. 

*Segmentina  armigera,  Say. — Rather  common  on  the  shores  of  t 
small  island  in  Vermilion  lake.  It  is  a  solid  little  shell  and  is  easily 
recognized  by  the  five  teeth  far  within  the  mouth.  The  specimens 
collected  are  less  than  a  fourth  of  an  inch  in  diameter.  One  or  two 
of  the  teeth  may  be  sometimes  lacking,  and  rarely  all  of  them  sie. 

1987. 

•t 

VALVATTDJE. 

Valvata  tricarinata,  Say. — Wright,  Lake  and  St.  Louis  counties. 
The  specimens  from  Wright  county  are  quite  large,  while  those  from 
St.  Louis  county  are  much  smaller  and  rarer.     1593,  2005,  2006. 

VIVIPABIDJE. 

Vivipara  intertexta.  Say. — Winona,  1901. 
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NOTES  ON  THE  MOLLUSCA  OF  WINONA  COUNTY. 

By  John  M.  Holzikgek. 

uch  of  the  material  which  is  the  basis  of  these  notes  has  been 
)cted  the  last  two  years  by  the  zoology  classes  of  the  Winona 
mat  School.     The  students  were  encouraged  in  thus  combining 

work  and  observation  with  text-book  work,  with  the  conviction 
he  part  of  the  teacher  that  this  plan  is  more  likely  to  result  in 
ctive  love  of  the  things  of  nature.  A  number  of  the  students 
»  sent  in  from  several  counties  collections  of  mollusca,  thus  aiding 

modest  way  in  the  determination  of  geographical  distribution. 

the  shells  noted  are  in  the  Winona  Normal  School  museum.     It 

Id  be  stated  that  Dr.  J.  Lindahl  of  Rock  Island,  III.,  and   Mr. 

Marsh  of  Aledo,  III.,  have  aided  in  determining  most  of  the 

onidsd. 

LAMELLIBRANCHIATA. 

UNIONID.t. 

yindonta  corpulenta,  Cooper. — Four  specimens  from  Straight  slough, 
to  6ve  miles  above  Winona.*  The  largest  specimen  is  6i  inches 
,  and  4|  in.  high.  This  shell  is  difficult  to  preserve,  breaking  up 
tying      Nacre  reddish. 

nodonfa  imbecillis,  Say. — Three  specimens  found;  1  in.  high,  2  in. 
•.     Color  outside,  greenish;  inside,  lighter;  frail. 
argaritana  cotnplanata,  Barnes. — Five  specimens  secured.     Larg- 
5i  in.  long,  4^  in.  high. 

argaritana  mar ginata^  Say. — Only  three  specimens  were  found; 
est:  4  in.  long,  2^  in.  high,  2i  in.  wide, — probably  a  female; 
llest:  1  in.  long,  s  in*  high. 

niocBSopuSf  Qreen. — Five  specimens  found;  largest:  4  in.  long,  3 
ligh. 

the  biTslvefl  here  noted  are  from  Straight  sloagh,  unless  otherwise  stated. 
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Unio  alatuSj  Say. — Six  specimens  found;  4ti  in.  long,  3^  in.  higb. 

Unioanodontoides,  Lea. — Six  specimens  found;  largesfc:  Sin.  lon^^, 
Ij:  in.  high;  smallest :  1}  in  long,  j  in.  high. 

Unio  asperrimus^  Lea. — Seven  specimens  found.  A  pretty  and  firm 
shell,  easily  confounded  with  U.  metanever,  Hat.;  in  fact,  I  fail  to  see 
any  material  difference  between  these  two  shells,  except  that  the  lat« 
ter  has  the  lower  posterior  lobe  of  the  shell  a  trifle  longer;  color  of 
the  epidermis  the  same  in  both  shells. 

Uniocapax^  Green. — Twelve  specimens  found;  largest:  5  in.  long, 
4  in.  high,  3  in.  wide.  Epidermis  yellowish  brown  with  rays  on  the 
young,  which  disappear  in  old  shells.  Nacre  white.  This  shell  ha» 
much  the  form  of  U,  occidens^  Lea,  but  is  wider,  as  its  name  implies, 
and  also  firmer.  Another  closely  related  shell  is  L\  subovatuSf  Lea;  I 
can  distinguish  the  latter  from  U.  capax,  only  by  the  nacre, — 8ub(h 
vatus  having  the  posterior  half  of  the  inside  covered  with  a  beautiful 
peach-blow  colored  nacre. 

Unio  coccineus,  Hild. — Two  specimens  were  brought  in  by  Miss 
Lewena  Gallup,  from  near  St.  Charles,  Winona  county.  Lafgest:  U 
in.  long,  H  in*  high. 

Unio  cornutusy  Barnes. — Four  specimens  found;  largest:  2k  in- 
long,  2  in.  high.  This  shell  in  firmness  of  build  and  general  outline 
stands  near  asperrimus  and  metanever, 

Unio  crassidenSy  Lam. — One  specimen  found,  3f  in.  long,  2^  in. 
high.  This  shell  is  of  the  same  form  and  has  the  same  nacre  bsV. 
nigrinus.  Lea,  but  it  is  a  more  solid  shell.  It  resembles  a  shortened 
U.  gibbosHS,  the  nacre  being  the  same  in  both. 

Unio  ebenus.  Lea. — Thirty  or  more  specimens  were  collected,  rang- 
ing from  the  smallest,  hardly  an  inch  long,  to  the  largest :  3^  in- 
long,  3  in.  wide.  This  shell,  as  to  firmness,  average  size  and  general 
outline,  reminds  one  of  U.  ellipsis,  Lea,  and  U.  trigonm,  Lea.  Two 
shells  of  the  lot  are  apparently  hybrids, — one,  ebenus  x  ellipsis,  the 
other,  ebenus  x  trigonus, — showing  the  affinity  between  these  three 
so-called  species. 

Unio  elegans,  Lea. — Eight  specimens  found.  The  pretty  marking* 
of  especially  the  younger  shells,  justifies  the  specific  name  elegans^ 
Largest:  H  in.  long,  li  in.  high. 

Unio  ellipsis,  Lea. — About  twenty -five  specimens  were  collected;  • 
number  of  these  are  quite  small — less  than  an  inch  long;  the  epi- 
dermis of  these  is  handsomely  marked  with  rays,  which  become 
obscure  with  age.  Largest:  3^  in.  long,  2^  in.  high.  See  U.  ebenm 
above. 
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Unto  gibhosuSy  Barnes. — Five  specimens  collected;  largest:  4^  in. 
long,  1^  in.  wide.  In  firmness  and  nacre  like  U.  crassidens, — in  fact 
one  shell  collected  stands  between  these  two  species  in  relative  length 
and  hight; 

crassidens  3f  x2^; 
gibbosus  ^}iJi\^\ 
hybrid  8xH: 
Epidermis,  nacre  and  build  are  the  same  in  the  three  shells. 

Unto  gracilis^  Barnes. — Six  specimens  collected;  largest:  3^  in^ 
long,  2i  in.  high.  I  fail  to  see  the  slightest  difference  between  this, 
species  and  U.  Icecissimus^  Lea. 

Unio  IcevissitnuSy  Lea. — One  specimen. 

Unto  ligamentinus,  Lam. — Three  large  shells  were  collected,  one 
with  white  nacre,  the  other  with  peach-blow  inside.  Largest:  5  in. 
long,  3\  in.  high.     Obscure  rays  on  epidermis. 

Unio  luteolus,  Lam. — Some  fifteen  specimens  were  collected.  Thos(> 
of  middle  size,  2^xli  i^M  I  have  difficulty  in  distinguishing  from 
U  radiatus^  Lam.;  the  epidermis  at  that  age  is  yellowish  or  light 
green  crossed  by  a  number  of  dark  bluish  rays.  Largest:  4^  in.  long, 
2}  in.  high. 

Umo^netanever^Kht, — Eight  shells  collected;  largest:  3.^  in.  long, 
2|  in.  high.     See  U,  asperrimus. 

Unio  occidens,  Lea. — Six  specimens  collected;  largest:  4x3  in.  See 
U.  capax. 

Unio  parvus,  BarncB. — Seven  specimens  collected;  largest:  If  in. 
long. 

Unio plicatuSf  Le  Sueur. — The  most  common  and  abundant  species; 
over  75  specimens  were  collected,  including  some  less  than  an  inch 
long  and  the  largest,  5  in.  long,  Si.  high. 

Unio pressuSf  Lea. — One  specimen  was  found,  H  in.  long,  1  in. 
high. 

Unio  pustulosus,  Lea. — Sixteen  specimens  Were  collected;  largest: 
2^  in.  long,  2^  in.  high.  One  specimen  with  fewer  warts  or  postules 
seems  to  be  pustulosus  x  trigonus. 

Unio  radicUuSf  Lam. — One  specimen  from  Mr.  Manuel,  Odessa,  Big 
Stone  Co.,  Minn. 

Unio  rectus,  ham, — Five  specimens  were  collected;  nacre  lighter 
colored  than  in  U,  gibbosus;  largest  shell;  6k  in.  long,  2^  in.  high. 

Unio  securisj  Lea. — Two  specimens  found;  largest:  Zi  in.  long,  3 
in.  high. 
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Unto  sitbovatus,  Lea  — Three  specimens  found;   3^  in.  long,  2i  in. 
high.     See  U  capax  and  occidens. 

UniotrigonuSy  Lea. — Quite  common;  over  50  specimens  were  col* 
lectedy  ranging  from  the  quite  young,  1^  in.  long,  to  the  largest,  2| 
in.  long,  2\  iu.  high.  A  firm  shell.  The  animal  is  frequently  of  a 
saflFron  color. 

Unio  tuberculatus,  Barnes. — Five  were  collected;  largest:  5i  in. 
long.  2^  in.  high. 

177110  undulatus,  Barnes. — One  specimen  was  found  near  St.  Charlei, 
Winona  county,  by  Miss  L.  Oallup.     This  is  1^  in.  long,  1  in.  high. 

Unio  zigzag y  Lea. — Two  specimens  were  found;  the  larger  is  1^  in. 
long,  i  in.  high. 

CORBICULADiE. 

Sphcerium  transversuvi,  Say. — A  few  dead  shells  were  found  in  the 
river  bottom. 

Sphcerium  striatinum.  Lam. — Was  found  in  abundance  in  the  same 
situations  as  S.  transversum  Miss  Lillian  Miller  brought  dead  shelli 
of  this  species  from  Goodhue  county. 

Sphcerium  rhomboideum.  Say. — Occurs  in  lake  Winona  in  ahnnd- 
ance.  The  largest  of  these  bivalves  are  i  in.  long.  Young  ones 
measuring  over  i  in  in  length  have  been  taken  out  of  the  females; 
these  are  more  compressed  than  the  adults  and  might  be  mistaken  for 
another  species,  resembling  more  the  S.  occidentaU, 

Sphierium  soliduUnn^  Prime. — One  was  taken  in  lake  Winona; 
length  ^  in.,  hight  {^  in.  A  number  of  dead  shells  were  brought 
from  Goodhue  county  by  Miss  Lillian.  Miller. 

Sphcerium  partumeium,  Say.  —  In  lake  Winona. 

Sphcerium  fabaley  Prime. — None  have  been  found  near  Winona,  hot 
Miss  Lewena  Gallup  brought  in  ten   fresh  specimens  from  near  St    ^ 
Charles,  Winona  county. 

Pisidium  compressum.  Prime. — These  minute  bivalves  were  founi 
creeping  over  the  muddy  creek  bottom  near  Laird*s  flouring  mill. 
About  thirty  specimens  were  collected.  | 

Pisidium  abditum,  Hald. — This  bivalve,  a  trifle  larger  than  the  pre-  ; 
ceding,  was  found  in  lake  Winona,  in  muddy  places,  crawling  o^et 
submerged  weeds      Twelve  specimens  were  collected. 

Pisidium  variabiles  Prime,  and 

Pisidium  rotundafum.  Prime,  have  both  been  found  recentX^'  ^ 
lake  Winona,  with  P.  abditum,  Hald,  and  have  been  determine  ^  "' 
Mr.  Marsh,  Aledo,  111. 
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GASTEROPODA. 

LIMACID.fJ). 

Limax  campestrist  Binnej. — Common  in  moist  meadows. 

Zonites  nitidus,  Miiller. — After  the  spring  flood  of  1888,  eight  speci- 
mens were  picked  up  alive  along  the  shore  of  lake  Winona,  under 
bark  that  had  been  washed  ashore;  identically  the  same  shells  were 
found  near  Madison,  Wis.,  the  year  before,  and  determined  by  Mr. 
W.  Marsh. 

Zonites  arboreus.  Say. — Abundant.  This  species  was  found  alive 
under  logs  and  boards,  south  of  lake  Winona. 

Zonites  virirlulus,  Menke. — Some  ten  specimens  were  collected  near 
Stockton,  Winona  county.  Shell  more  translucent  than  that  of  Z. 
arboreus;  slightly  smaller;  outer  whorl  relatively  larger. 

Zonites  tninusculus,  Binney. — A  few  dead  shells  were  found  in  the 
meadow  south  of  lake  Winona.    Determined  by  Dr.  Sterki. 

Zonites  fulvuSy  Drap. — Only  about  twelve  specimens  have  been 
found,  half  of  them  alive.  To  the  naked  eye  this  shell  has  much  the 
shape  and  color  of  Strobila  labyrinthica^  Say;  but  under  the  lens  the 
external  strise  and  internal  laminae  of  Strobila  are  absent. 

HELICID^. 

Patula  striatella,  Anth. — This  species  was  found  with  Zonites  ar- 
bareuSj  and  rather  more  abundant. 

Helicodiscus  lineatus,  Say.— Dead  shells  of  this  species  are  found  in 
abundance  on  the  bluffs  under  stones;  comparatively  few  live  speci- 
mens have  been  found. 

Strobila  labyrinthica^  Say. — Abundant  in  a  moist  meadow  south  of 
lake  Winona;  often  found  gregarious. 

Stenotrema  hirsutum,  Say. — Some  thirty  specimens,  mostly  alive, 
were  collected  near  Stockton  and  Winona. 

Stenotrema  monodon.  Rack.— Only  four  specimens  were  found  near 
Stockton,  Winona  county. 

Mesodon  albolabrisy  Say. — A  few  live  shells  have  so  far  been  found 
on  the  blufifs;  dead  shells  are  common. 

Mesodon  mHltilineatus,  Say. — Abundant  in  the  meadows  with  Stro- 
hila  labyrinthica.    It  is  a  small  variety. 

Mesodon  clausus,  Say. — Two  specimens  were  brought  in  by  Miss  S. 
Back  from  blufips  south  of  lake  Winona. 
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Mesodon  profundus^  Say. — On  the  bluffs;  slightly  more  abandut 
than  M.  albolabris, 

Vallonia  pulchella,  Miiller. — Under  logs  and  stones  on  the  bla&; 
more  shells  are  found  dead  than  alive. 

PUPJD.*:. 

Pupa  penlodon.  Say. — Occurs  iu  a  wet  meadow. 

Pupa  fallax,  Say.— In  moist  meadows;  rare. 

Pupa  nrmiferoj  Say.— Our  largest  species  o{  Pupa;  common  along 
the  bluffs  and  in  moist  meadows. 

Pupa  contracta.  Say.— Rather  rare, 
t   Pupa  corficariQy  Say. — Under  stones  on  the  bluffs. 

SUCCINID-^-:. 

Succinea  ovaliSj  6ld«— Abundant  on  rushes  along  the  Mississippi. 
Two  sets,  one  collected  in  June,  the  other  in  September,  showed  an 
increase,  in  the'latter  set,  to  nearly  double  the  size  in  June. 

Succiyiea  avara.  Say. — Along  the  Mississippi.     Rare. 

Succinea  oUiqua,  Say. — A  few  specimens  from  Root  river,  south, 
brought  by  Miss  Laura  Wright,  are  evidently  of  this  species. 

AURICULID3: 

Carijchium  exif/unm,  Say. — Found  in  goodly  numbers  in  wet  places 
south  of  lake  Winona,  under  chips  and  boards  in  water. 

Limrma  ^stagnalia,  Linn. — A  few  specimens  were  found  in  lake 
Winona.     Abundant  in  the  fall  of  1888. 

Limnaa  palustns,  M tiller.  —  In  abundance  in  pools  along  lake 
Winona. 

Lmniia  humilis,  Say. — On  muddy  flats  in  the  Mississippi;  especially 
in  Straight  slough. 

Probably  one  or  two  more  species  of  Limna?a  may  be  found  in  the 
collected  material,  some  of  which  is  not  yet  worked  up. 

Pfiysa  ancillaria.  Say. 

Plijfsa  Ifeierosfroj)l(ay  Say. 

Phi/sa  iroI[)iana,  Say. 

PIiifHa  cUipiica,  Lea. — All  these  species  of  Physa,  and  probably 
several  more,  have  been  collected  in  the  springs  and  brooks  in  this 
county.  I  take  the  species  commonly  found  on  watercress  to  be  P. 
ellijjtira,  I.ea. 
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Planorbis  campanulatua,  Say. — Common.     This  and  the  following 
«pecies  of  Planorbis  have  been  collected  in  lake  Winona. 
Planorbis  trivcivis^  Say. — Common. 
Planorbis  bicarinatus,  Say. — Abundant. 
Planorbis  exacutus,  Say. — Ruther  rare. 
Planorbis  deflectus,  Say. — Common. 
Planorbis  parvus^  Say. — Rare. 
Segmentina  armigera,  Say. — Quite  common. 

VALVATIDiK. 

Valraia  sincera,  Say. — Lake  Winona.     Not  common. 

VIVIPAKID.*:. 

Viripara  intertexta^  Say. — In  Mississippi  river.     Rare. 
JIfelantho  subsolida^  Say. — In  abundance  in  the  Mississippi  river. 

BISBOIDiB. 

Soniatogyrus  subglobosus,  Say. — In  Mississippi  river. 
jimnicola  limosa,  Say.     In  lake  Winona.     Not  very  common. 

HELICINID.IC. 

Helicina  occulta^  Say. — Dead  shells  have  been  found  for  two  years, 
mt  in  the  cold,  wet  spring  of  1888  about  a  dozen  live  shells  of  this 
pecies  were  found,  some  near  Stockton  and  some  near  Winona. 
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Cambria  mine 48,  140 


■^^ 


494' 


GBKEBAL   IKDBZ. 


Carapement  d*oara ]70 
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Cbloritlc  achltit  aa  member  of  Kewatin,  841; 

notemptive 361 
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FalllAke Ill,  186,105,3X7, 

Fairbanks,  H.  W 
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Frog-rDCk  Ukv,  N.  337,  H3,  »a,  HSi  de- 
»crH>ed SW 

Osllro  »,«],  BI.  B7,    M 

Gibbro  iliks all,  M 

Okbbro  flood a»l 
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OraditlODi.  tg  «ntiiilliiie  racki.  IS,  2B3.  au. 
MA,  944.  aofl.  *».  310.  33a.  3S1;  to  graj. 
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OrandHanb, (n.  I3S,  277 

OntndFarlBKe  1 3S,  291,  352.  WJ 
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Onttn 418.  420 
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Iron -bearing  rocks  at  Marqnatle, 40 

troD  ClUb  DilDo 40.  42, 17» 
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Iron  or  Haybew  lake,  IB.  SU,  342;  deicrlbed,  304 

Iron  range  of  the  t^ermlllon 

Ironwood.  Mich    
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72,  250,  *251,302,  8U3;  KewRliii  and  Aniin- 
Ike 69,  S57-9,  322,  S23 
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341;  not  eruptive 311,  351 

Kekeqaabic  lake,  100,  324,  3:26,  381,  3SS.  337, 

311,  345,  346,  359 
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Lefroy,  Camilla 23,  156 
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Limestone,  at  Drnce,  117;  at  Ansonla,  155, 

167;  atOgishke-muDcio  lake 344 

Limonite 42,  71 

Llndahl,  Dr.J 485 

Little  Bear  cret'k,  Canada 164 

Little  Fork  river 396 

Little  Rapids,  Canada 21,  154 

Little  Saga  naga  lake 366 

Little  Thenaalon,  Canada 154 

Lithographic  rock 23,  28.  38 

Localities  particnlarlzed 141 

Lodes,  iron,  in  Marquette  region 172,  173 

Logan,  Sir  William,  cited 86,  350 

Longlake 334,336,330.348 

Loon  lake.  2:)4,  249.  362;  described 299 

Luzoriance  of  vegetation 137 

Lower  slate  conglomerate 31 ,  87 

Mao1ieth*s  creek,  Canada 20,  153 

M:iguetic  belt.  Wisconsin 194 

Magnetite,  at  PenokeeGap,  192,  193:  on  Knifo 
lake.  209;  on  GunHInt  lake,  23^  237,  2», 
211.  2t4.  215,  230;  n«ar  Guntlint  lake,  2C6, 
North  lake,  271;  Moose   lake,  232.  V83; 

Iron  lake.  806;  Garden  lake 827 

Magnetic  schi»ts,  237,241,245.217.271,276, 

803,  827,  361 

MallmannV  peak 826,  101 

Marble  95 

Marquette  city 181 

Marquette  iron  rocks,  age  of,  171,  184;  com- 


piiroil  with  Vermilion,  184;  not  lloronlan, 
186;  belong  to  an  nnrecogniudsyatom...  18S 

Marquette  region,  observations  in 60.  171 

Marquettian  syhtem. 865 

Marsh,  William *9& 

Martite,  Negaunee 177 

Mayhew,  U«ury 80 

Mayhew  cabins. S77 

May  hew  or  Iron  lake,  described 78.  304 

McF.irland  lake 281 

McMinn.  Herman  8 113 

Mellon,  Wis.,  slates  uear ICrO 

Metmbirari!^ !.  134,  2)1,  219,  3tN) 

MetamorphlMm  of  pebbles ZiS 

Mel hfxl  of  operation 140 

Michigumme  mine •••49,  177 

Millar.  Mr.  J.  M 80 

Miranda  lake S8I 

MlsNlssippi  river 487,  438 

MiNtiitisag'ii  quart zyte 88,  168,  170 

MisquuhUills 62 

Mokom an  island 106 

Molluscan  fauna.  Grant.  481 

Mouse 138 

Moose  lake,  described 281 

Moo^clukeof  the  west 339,317,  363 

Morton,  Vermilion  group  at 79 

Mountain  lake  described 270 

Mountain  lake  nf  Norwood 274 

Mount  Reunion 64 

Mud  creek  buy 838 

Mud  lake • 113.  195 

Mud  lake  of  the  cast,  see  "  Rose  lake.^* 

Murray's  corners,  Canada 30, 150,  160.  166 

Murray^  Hill 80 

ftfuscovadn,  73.  88,  0%  253,  267.  855,  360;   on 

Iron  lake 30S 

Mufcovadolake 88 

Namekan  l«ke 438 

Nameless  lake 340 

Nascent  mica  schist 190.  196 

Negnunee 40,  179,  3Bft 

New-found  lake 339,  3|7 

Newton  lake Ill,  103,  836 

Norrie  mine 180 

I  Northern  Light  lake 65,270,271. 

•   North-Fowl  lake 

I  North  lake,  66, 234, 335,  387,338;  described, 

270;  Norwood  on S7I 

Norwood,  J.  G  ,  cited,  148,  286,  269,  273,  V74, 

276,  2n,  291,  292,  481,  435 
Noryte 167,  200,  301,  381,  368 

Oak  lake,  210,  331,  886;  rspids 401 

Oe*.tlund,  O.  W 11 

Ogihhke  conglomerate.  In  bowlders,  147;  ap- 
pearance of  in  diabase,  06,  140;  on  Frog- 
rock  lake,  98, 818;  on  Ogishke-mancle 
lake.  318;  underlaid  by  argillytes,  SK;  as 
member  of  Kewatln  group,  344,  847;  not 
enclosed  in  Anlmlke, 369;  eTidence  th»t  It 

is  so  included 01,  07,  330 

Ogishke-mnncie  lake,  05,  881,  380;  deacribtd.  318 
Olivine  kuob M 


>p«rat)aa*,  mMbod  of. 


PslBt  r. 

Parophfta  2ns,  318 

E^rlrldfB 

rmnrldp  full*.  290.  3G(I;  portsEe 

•■•MgnfroinatKlHile  togrijwsclts 

See  '-Qndatlacg." 

Pcbblce.in-llJbuoe.DS.n,  149;  In  Kfenllt,  M, 
101,  T3.  HIS,  (23, 2»,  !W,  W9, 3il :  In  rablst, 
10«.3UMii<lJsbulcrock.S17;  In  Osl>hko 
eoBgioDiersle,   ]1^    M(.  30;   nelsmor- 

Pepuitrle,  rtrnetDr*  of 

Prnokeaf^p.  1B7:  tgtottacknt 

Porldoijfte 

Petrography.  faDCtiimi  of  

PnraMc  take 

Powabte  qoutift* BS,  91, 


Plcklalak* 

l>lK*on  Polnl . 

Pltmn  Tim,  m,  261,  !B3:  dsKribed,  aSB,  3M, 


n  liver  Talter »1 


of  teporl 14U 

n:  on  Knife  lake, 

101;  on  CaDAIot   lal 

e,  aWi    Froit-rock 

lakB.a»7;  Town-line  1 

ke.31S;Cr>bt<ke3a) 

PorpfaTral  explained,  IM 

n.,Ma;«vldonc»e 

»-1 

Oaed,  «B:  aa  membe 

■rowth  of  cDDcepllo 

INDBX.  497 

Piirphvrj.on  Rainr  Lake  rtver 411 

Parphrrjr  proper  III.  S3S.  SM,  S13 

I'oriafm  rrom  .Mud  toBarntalde  lake I9S 

PortagM  mado,  131;  onlbeuatloaal  tHiDDdary  388 

Patbolca  H 

l>ot>lo  lake W 

Pmlrle  river,  and  (all* «t 

FTlmlilva  nologr >V 

frumonlorr.  Knife  lake,3aH;  Knb1iraon..«»,  UB 

J'r»p«     uoDDUla KM 

f  MiidoneiMr  Jiik« 109,  IM,  HI 

Piilpi    rock.  flOTyte. SW> 

Pgrgaloriea 106 

tluBdrapeda •* 

(Quartz,  Inie  In  ecbtale 340 

(lOHnaoniilnnd  Id  S^gnniga  like 211 

Quartz  .porplDrry G> 

QaanioMe  bill, Deer  lake,  176;  Garden  lake. 

119,  Sir 

Quartz  ichtit,  Incioeed  In  iinclKi BS,  lOT 

Qnarti  vdna,  U4  !u<llnbMM.  148;  Id  KbMl.  IH 
Qnartiyle,  nexr  TbeaeiiloD,  IB,  ISO,  IK,  153, 
IM,  139,  m.  1»:  at  Uiile  rapUii.  21: 
at  (Hterull,  St,  U);  neur  nilnd  rirer,  Iti. 
IBl.  1S«;  nintr  at  Klubmgui  rUer  34, 
IW;  lit  Dcetlake.  lTe;*t  Iphpemlnf;,  45; 
at  Mlcyenmm>i,49.  ITS:  el  Nqaanee,  41, 
1)8.179.180:  at  CaFca<le,43  >t  Anrora 
mine.  BS.  1S7;    at  Iba  Colbj  mine.  IE:  on 

Oarden  lak 111.397 

Quar(Eyla,ihlekDe«ot 49,  160 

Qnartiyie,  wblte,  vltreoni.  Ottertell..9«,  IH,  ISB 

Rabbit,  *o-called 13S 

Kalny  Inka. 411 

Rainy  Lake  river 406 

Rut  lake m 

Rallleand  Nye,*na1>'ali  by 8U.    Bl 

■■Red  rook" 02 

Ret-rock  lake.  213,  331:  deeerlbed 998 

Bed  felKyle 19.98,34,    38 

KFflOD*  aurvayeil  In  IB^,  9,  133,  19Si  In  ISH.  144 

Report,  plnn  of. 140 

Reunion  Hi 84,  iRT,  SH 

Rlddlebunk  P.  O.,  Out II 

Robin 139 

Hock  lake.  Canada IN 

Rock  IdenllBcatlosi 149 

Rock  nnmbere,  141;  catalogue  of. ...404, 114,  3U 

Rock  UDI plea  collacted 404.  114.  M9 

Ronilnget.  C^clled 49,47.46.00.  <T.  843 

RapeiKOldmilie 43,  172,  178 

Ko-e,  [;,™i!™  IM 

Ro-e     kedoscrihprt    974 

Row  liikx  mounliiln 270 

RoMnbnacb,  aiantborlty 149 

RouDdlako C4 

Hove  lake,  3S8;  deeerlbed Vt 

Roy  Take 284 

SftSAnAga  fall" 1*7 

Saddlo-biiGi  lake 9g 

ijegaoasa   like.    13B,    383;    deacrlbeil,    ill; 
great  middle  arm  of,  914:  body  of 217 
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Sftgnnagft  syenite  or  gnelaf «  70,  216,  217,  227. 

340;  described 8S0.  831,  9:12 

Saglnnw  mine,  lehpemlng.. 47,  172,  177 

Sim  Mitchell  mine 41,179 

Sand  lake 340,  348 

Saw-teeth  cnnflguratlon 361 

Sctaifltonlty  and  bed«Ung 82i,  3-33 

Schiflts  at  Otter  tail,  Canada 1&8 

Sea-gull  lake,  136,  213,  217,  381.  383,  349,  357; 
described,  395;  map  of,  29*;  conglomer- 
ate on,  222:  rivor 216,  299 

Sedgwick  and  Broiherton's  location 70,  262 

Sericltic  argil  lyte SS6 

Serfcitic  feliiite-BChlflt 3(^,  313,  314 

Sericltic  schist.  Deer  lake,  Mich,  47,  176; 
Frog-rock  lake,  312;  Town-line  lake.  315; 
OgiKhkc-m uncle  lake 97.  310 

Sericltic  Kcbist,  granular,  312,  815;  is  It  ever 
eruptive? 351 

Serpentine  group 5U,  848 

Serpentine  In  diabase 146 

Shrubs  of  the  region 187 

BIderite.. 42,  71 

Siliceous  schists.  Knife  lake 204,  840 

Siliceous  slates 196,  199,  206,  211,  353,  369 

Silver  city Ill,  327 

Silver  location 284 

Slate   couglomerate,  81.  89,  161,  356.     See 

'•Animike." 
Slate,  black,  near  Ishpeming,  174;  near  No- 
gannee,   179,  859;   near  Iron  King  mine, 
SO,    188;   at  Penokee  gap,  191,   194;    at 

Knlfelake 202 

Slate,  diabasic 161,  164-6 

Snowbank  lake 381,335,387 

Soap-rock 176, 180 

Sodergren,  aid  from 179 

Soil  under  Ani  mike 262 

South  Fowl  lake 984,  36(t 

South  lake 272 

Spalding,  William  P 284 

Spoon  lake 109 

SUcy,  Frank,  cited 75.99,222,  254 

Stacy  island 102,344,346,  347 

Stair  portage 275,  276 

Ste.  Marie's  rl>-er 17ii 

St.  Joseph's  island 170 

Strawberry  blossom 202 

Strife  observed 113 

Striae,  glacial,  peculiar 160 

Structure  at  Ishpeming 44,  175 

Stunts  conglomerate.  Deer  lake,  47,  98.  175, 
176;  Knile  lake,  199,  200, 201,  203, 348;  de- 
scribed    360 

Stortevant  of  Ishpeming,  aid  from 172 

Sucker  lake 190,836,336,847,  358 

Sulphur  Inland.  lake  Huron 170 

Summary  of  facts 329 

Summary  statement 9 

Surface  g«K>logy,  Thessnlon 19,  1?1 

Swan  mine,  Mich 42,  178 

Syenite  range > 73 

Systematic  results 864 

oonio,  poaltion  of 170 


Talc,  cry stallioe 4t.  176* 

Talcoee  slate,  ao-called ITS,  19S 

Taft,  chemist,  Negannae,  175, 177;  analysis  by  177 

Teal  lake i%»  18& 

Terms  used 142- 

Test-pits  for  iron      364, 

i  ThesNil on,  valley  of 19.147, 

!  Themalon  quartzyto 

!  Thickness  of  Huronian  terranes,  168,  1C9;  of 


164 

87 

886 

853 


other  tsrranes 

,  Thunder  bay 252, 

Titaniferous iron  ore.... 206, 

Todd.  Prof  J.  E 23,  f.  n 

Tower  blasts 199 

Tower  iron  mines 113«  9fB 

Tower  to  Psendome«8er  lake 196 

Town.Iine  lake,  387, 348;  described 814 

Tourmaline,  Little  Fork  river 406 

Transition  from  Kewatin  to  Ogishko  con- 
glomerate, 314.  See  **Gradation;'*  fk-om 
fel^yto  to  quartzyte,  S8,  35;  of  conglom- 
erate to  granite,  67,  .'K;  of  schists,  TO;  of 
Animike,  71, 74,  91, 94;  of  the  Kewatin.. .    76 

Triangle  lake 386,  3n 

Trnssell,  W.  F 395,  428 

Tucker  lake 

Twin  bay  portage 

Twin  mountain MOO, 

Twisted  beds 69, 

Two  Harbors 331 

Ulrioh,  £.0 116 

Unconformity,  at  Thessaloa,  40;  near  Negau- 
nee,  40,  44, 179, 185;  at  Ishpeming,  46;  in 
Penokee  gap,  191, 198;  on  Gunflint  lBke,6tt, 
81,  73, 263,  264, 268,  867;  on  Epsilon  Iske, 

sea,  328 

United  SUtes  Survey 144,  236 

Uralitic  gneiss 964 

Uralitic  schist 264 

Vaooinimnv  distiuct  form  of, 136,  137 

Valley  mine,.: 66,  186 

VegeUtlon, 185 

Vein  rocks, 364 

Veins  metalliferous, 166 

Veins,  of  quartz,    148,  160;  of  Caldte, 149 

Vermilion  group,  69, 74,  77.  96,  112,  310,  811, 

3541,  366;  described 834 

Vermilion  Iron  "eries 175 

Vermilion  iron  mines. SS8 

Vermilion  lake 144,331.  884,  836,  343,  348 

Vertical  attitude  of  beds,  330;  of  Kewatin, 

338,  348,  357 

^Wodsworth,  M.  £.,  cited  47,  f.n 343 

Watab  lake, 2f7B 

Weanel, 134 

Webster-Ashburton  treaty 108 

Wellington  mine,  Canada. 13,  146 

West  Seagull   lake,  135,  810,    881,   333;   de- 

scribed. 298 

White-Iron  granite, 330,  331,  382,  385 

White-iron  lake. 104,  111,  32B,  83S,  396 

Whitney  and  Wadsworth  cited, 89» 
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74,  81,357   '  Winona  Connty,  MolIUBca  of 485 

H.y.,ett«d  10^  78,388,  86^  report         I  Wolf. 138 

305      Woodward  and  ThomM,  cited, 403 


V.  H.,  Citad,  143,  144,  170,  930,  335. 
9,  STS,  374,  884,  387,  391,  t9S,  359, 
port  of; 18 


Wonder   Iiland,  317;  conglomerate  at,  319t 

396,  3t9, 888,  note 
Zeta  l"ke,  357,  382,  313,  344.  347,  348;   de- 


tibhlake 437    •         scribed. 831- 


i!00  CORRECTIONS,  ADDITIONS  AND  ERRATA. 

Corrections  and  additions  for  the  repwi  for  1886. 

Page  27.     Second  line  from  bottom,  for  **62-15"  read  *<62-14." 

Page  37.     Halt  69.     For  "sec.  25"  read  •*8ec.  35." 

Page  39.    After  Halt  75,  add: 

HALT  76.  N.  W.  >i  8.  W.  >i  sec.  32,  T.  63-13.  Base  of  point,  south  shore  of 
Burntaide  lake.  liock  very  flne-grained  mica  schist,  bluish  and  hard,  and  inter- 
aected  by  granitic  veins.     Kocks  63  and  64  are  from  this  locality. 

Page  47.     Halt  361.     For  "Fig.  17"  read  "Fig.  18." 

Page  60.    For  "Kock  177"  read  "Kock  170." 

Page  66.     Halt  .336.    For  "sec.  2"  read  "sec.  21." 

Page  67.     Halt  341.     For  "sec  29"  read  "sec  20." 

Page  60.    For  "Halt  134"  read  "Halt  144";  and  for  **Iiock  146"  read  "Rock  140." 

Page  62.  Halt  309.  For  "T.  64-11"  read  "T.  63-11";  and  the  same  under  Halt 
315. 

Page  68.     Halt  148.    For  "T.  63-13"  read  "T.  63-11." 

Page  74.     For  "Uock  103"  read  "103  bis";  and  in  next  line  read  "Halt  178." 

Page  79.    Halt  216.    For  "63-11"  read  "62-11." 

Page  80.     Halt  223.    For  "62-11"  read  "63-11." 

Page  88.     Before  Halt  236  add: 

HALT2Z^,    8.  E.  ^4  8.  E.  14,  sec.  34,  T.  63-11.    Coarse  syenite.    Lo^  outcrop. 

HALT 72b.  8.  E.  Jf  8.  E.  J^,  sec.  34,  T.  63-11.  Porphyrltic  syenite  in  two  por- 
tions separated  by  20  feet  of  fine  syenite. 

Expected  to  pass  into  the  southern  one  of  the  long  arms  of  Farm  lake,  but  the 
oullet  mapped  as  broad  as  a  river  is  not  passable  for  a  canoe. 

Page  88.     Halt  236.     For  "73-11"  read  "63-lJ." 

Page  90.    For  "Halt  354"  read  "Halt  254." 

Page  91.     Halt  257.    For  "62-11"  read  "68-11." 

Page  95.  Halt  411.  For  "65-10"  read  "64-10";  and  for  "Rock  169"  read  "Roclc^ 
179." 

Page  96.     Halt  419.     For  "8.  1^4"  read  "8.  16." 

Page  98.  For  "Halt  225"  read  "Halt  425";  and  under  'Halt  432  bis,"  for  ••64-19' 
read  "64-10." 

Page  99.     Halt  439.     For  "64-19"  read  "6410";  and  before  "Rock  187'"  add: 

UALT\A2.  8.  E.  .^4  8.  E.  iii'sec.  33,  T.  65-9.  Went  ashore  to  examine  th^ 
fragments.  They  are  mostly  as  heretofore,  of  syenite  having  whitish  feldspar — 
But  here  are  some  with  masses  of  hornblende  rock  ;  and  I  saved  one  piece  in  which^ 
prisms  of  hornblende  are  pretty  well  preserved. 

Page  100.  Halt  444.  For  "8  30"  read  "8.  34";  Halt  446,  for  "8  25"  read  "a 
35";  and  Halt  448,  for  "8.  39"  read  "8.  35." 

Page  107.     Halt  649.    For  "8.  64-11"  read  "8.  14,  T.  64  11." 

Page  109.     Hall  672.    For  "8.  3"  read  "8.  30." 

Page  115.    Halt  698.     For  "65-11"  read  "66-11." 

Page  117.    For  "Halt  792"  read  "Halt  712.»' 

Page  126.    For  ''Rock  203"  read  "  Rock  203  bis." 

Page  136.     Halt  666.    For  "65-8"  read  "64-8." 

Page  145.  Halt  741.  For  "8.  44"  read  "8.  24";  and  for  "Halt  774"  read  "Halt 
744" 


coBBBcnoirs,  additioks  and  bbbaja. 

Fftge  268.    Second  line  from  bottom,  for  <Hheir*'  read  thin. 

Page  863.    Fifth  line  from  the  bottom,  for  **luminated"  read  laminated. 

Page  381.    Twenty-fourth  line  from  the  bottom,  for  **it"  read  It. 

Page  391.    Eighteenth  line,  after  '*of  "  read  last  gabbro. 

Page  396.    Fifteenth  line  from  the  bottom,  for  ^^conglomerate"  read  carbon 

Page  149.    Halt  754.    For  «'61-7»'  read  *«64.7";  and  before  Halt  756  add: 

HALT  VIZ.  N.  E.  Ji  N.  W.  }i  sec.  2,  T.  64-7.  Chlorite  gneisa— thai  is,  i 
poaed  of  chlorite,  feldspar  and  quartz.  Seems  to  be  of  the  same  constituent 
Rock  379,  but  they  are  well  stirred  together,  same  as  at  Halt  756. 

Rock  380.    Chlorite  gneisa. 

JIALTS14.    N.  W.  }4  8.-  W.  I4,  sec.  36,  T,  65-7.    West  end  of  island. 

Eoek  381.     Porphyrel. 

Pige  163.    For  "Rock  363"  read  •'Rock  363  bis." 

Page  160.    For  ''Rock  324"  read  "Rock  325." 

Page  167.    Dele  "Halt  820.    8.  W.  }i  S.  E.  >4  sec  26,  T.  65-6." 

Page  170.     Halt  830.    For  "S.  30"  read   'S.  36." 

Errata  for  the  report  of  1887. 

Page  33.    Sixth  line  from  the  bottom,  for  "southwestern"  read  southeaslern. 

Page  87.    Seventh  line,  for  "number"  read  "member." 

Page  70.    Second  line  from  the  bottom,  for  "65-1  and  65-2"  read  65-2  and  65^. 

Page  77.    Second  line,  insert  than  before  "there." 

Pkge  82.    At  the  bottom,  for  "Little"  read  Rattle. 

Page  107.    Fifth  line  from  the  bottom,  for  "the  same"  read  some. 

P»ge  168.    Twenty-third  line,  fy  "if"  read  of. 

Page  176.    Twentieth  from  the  bottom,  strike  out  "(1069)." 

Pftge  188.    Nineteenth  line  from  the  bottom,  strike  out  "(1104)." 

Page  207.    Third  line  from  the  bottom,  for  "latitude"  read  aliitude. 

Page  215.    Third  line,  strike  out  "1177." 

Page  222.    Sixth  line  from  the  bottom,  for  "Seagull"  read  West  Seagull. 

Page  252.    Thirteenth  line  from  the  bottom,  for  "conceded"  read  ctmcealed* 

Page  258.    Eighth  line  from  the  bottom,  for  "structure"  read  whatever. 

Page  258.    Eighth  line  from  the  bottom,  for  "leans"  read  bears. 

Page  260.    Last  line,  after  "65-3"  insert  as  of  Minn. 

Page  270.    Ninth  line  from  the  bottom,  after  "rock"  insert  (743). 

Page  294.    Line  23,  for  "(502)'*  read  (582). 

Page  294.    Eleventh  line  from  the  bottom,  for  "573,"  read  593. 

Page  313.    Tenth  liae  from  the  bottom,  for  "65-6"  read  65-5. 

Page  321.    Twelfth  line,  before  "Obscurely"  insert  Rock  915. 

Pages  384  and  385.    In  the  heading,  for  "Report,  1886"  read  Report,  1887> 
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ADDRESS. 


The  University  of  Minnesota,         ) 
Minneapolis,  March  31, 1889. ) 

To  the  President  of  the  University, 

Dear  Sir:  I  have  to  communicate  again  an  annuskl  report oa 
the  progress  of  the  geological  and  natural  history  survey  of  the 
state,  being  the  seventeenth  in  consecutive  order.  Like  the  list 
two,  this  report  pertains  almost  exclusively  to  the  geology  of 
the  northeastern  part  of  the  state,  and  is  accompanied  by  some 
text  illustrations. 

Respectfully,  your  obedient  servant, 

K  H.  WiNCHBLL, 

State  geologist  and  curator  of  the  general  museuuL 
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REPORT. 

I. 

SUMMABY  STATEMENT  FOE  1888. 

The  work  done  in  the  season  of  1888  in  conseqaence  of  the 
supplementary  aid  that  was  rendered  the  sarvey  by  the  special 
appropriation  and  law  of  the  Legislature  of  1887,  as  men- 
tioned in  the  last  report,  will  be  found  reported  elsewhere.  The 
explorations  for  natural  gas  carried  on  within  the  state,  whether 
by  private  enterprise  or  by  the  aid  of  the  special  fund,  are 
detailed,  with  some  considerations  relative  to  the  general  subject 
of  gas  in  Minnesota,  in  Bulletin  No.  5.  The  special  field-work 
which  was  directed,  under  the  same  law,  to  the  discovery  and 
definition  of  the  iron-resources  of  the  northeastern  part  of  the 
state,  will  be  included  in  this  report.  But  the  whole  subject  in 
general  of  the  geology  of  the  iron  ores  of  Minnesota  will  find 
place  in  Bulletin  No.  6. 

There  were  two  parties  in  the  field  during  the  season.  One 
was  occupied,  in  the  first  part  of  the  season,  in  making  collec- 
tions of  rock-samples  from  certain  typical  crystalline  forma- 
tions in  typical  localities.  This  was  under  the  direction  of  Mr. 
TJly  S.  Grant.  At  the  same  time  some  new  facts  were  observed. 
TThese,  with  notes  made  by  him  later  in  the  season  when  occu- 
pied more  specially  with  the  examination  of  the  iron-ore  beds, 
«re  gathered  together  by  him  in  a  formal  report  which  accompa- 
nies this. 

The  other  party  was  during  the  whole  season  at  work  on  the 
Iron-ore  beds.  This  was  under  the  guidance  of  my  son,  Mr. 
Sorace  V.  Winchell,  whose  report  on  his  work  will  also  be 
Ibund  accompanying  this 

The  work  of  the  season  has  added  materially  to  our  exact 
knowledge  of  the  geology  of  the  northeastern  part  of  the  state, 
particularly  to  that  of  the  nature  and  relations  of  the  iron 
of  the  state.    A  general  presentation  of  this  knowledge,  in 
Vol  m.— 1. 
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a  somewhat  systematic  manner,  has  been  attempted  in  this 
report;  bat  it  must  be  admitted,  notwithstanding  the  time  sx>ent 
on  the  study,  and  field-observations  that  have  been  recorded, 
there  are  still  some  important,  and  many  less  important,  ques- 
tions which  the  survey  cannot  answer.  But  with  a  conscious- 
ness that,  however  exliaustive  the  research  might  be  made,  there 
would  be  questions  still  unsolved,  and  thsit  tbere  is  a  general 
wish  for  a  full  and  * 'final"  presentation  of  the  gL*ology  of  that  part 
of  the  state  so  far  as  present  knowledge  will  yield  it,  and  also 
feeling  that  the  time  has  been  long  that  the  survey  has  been 
going  on,  and  that  the  working  span  of  one  man's  life  cannot 
be  depended  on  for  indefinite  extension,  I  am  constrained  to  say 
that  we  shall  enter  now  upon  the  preparation  of  the  final  rei)ort 
covering  the  northern  part  of  the  state.  There  will  be  some 
supplementary  examination  to  be  made,  but  this  will  be  not  very 
costly,  and  can  be  executed  while  the  preparation  of  the  report 
is  in  progress. 

Volume  II  of  the  final  report  was  issued  in  December,  1888. 
It  is  a  quarto  of  about  700  pages,  forty-two  plates  and  thiity- 
two  figures,  of  the  same  style  as  Vol.  I. 

A  considerable  portion  of  Vol.  Ill  is  also  ready,  and  the 
entire  volume  will  be  finished  at  once.  It  will  contain,  along  with 
the  paleontology  of  the  strata  discussed  in  Vols.  I  and  II,  an 
account  of  their  systematic  relations  to  the  geology  of  the  North- 
west. There  is  also,  in  readiness  for  publication,  a  volume 
devoted  to  the  birds  and  mamnisils  of  the  state,  prepared  by  Dr. 
P.  L.  Hatch  and  Prof.  C.  L.  Herri ck.  These  two  volumes  should 
be  published  at  once,  in  style  uniform  with  those  already 
issued. 

The  monograph  of  Messrs.  Woodward  &  Thomas  on  the  micro- 
scopic fauna  of  the  Cretaceous,  which  has  been  in  process  of 
preparation  several  years,  has  been  completed  by  those  gentle- 
men and  has  been  transmitted  for  publication.  It  will  form  a 
chapter  in  Vol.  III.  Mr.  Ulrich's  work  on  the  bryozoa  of  the 
Trenton  was  interrupted  unfortunately,  when  it  had  proceeded 
so  far  as  the  engraving  of  the  plates,  eight  having  been  com- 
pleted and  delivered.  This  was  owing  to  the  exhaustion  of  the 
fund  for  publication  by  the  unexpected  cost  of  Vol.  II.  Dr.  Leo 
Lesquereux's  report  on  the  fossil  flora  of  the  Cretaceous  in  Min- 
nesota, with  the  accompanying  plates,  is  also  intended  for  Vol. 
III.  It  is  only  an  act  of  reasonable  justice  to  a  scientific  author 
that  his  contributions  be  published  as  soon  as  possible.    His 
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rights  are  not  all  satisfied  by  the  simple  payment  of  the  money 
involved  in  his  contract  to  prepare  the  report.    The  value  of 
scientific  work,  especially  scientific  authorship,  is  not  measured 
by  the  manual  labor  involved  in  it.     So  its  claims  are  not  satis- 
fied when  the  material  money  payment  is  made.    The  author 
expects,  and  he  has  a  right  to  demand,  that  his  work  shall  be 
published.    His  researches,  so  far  as  they  are  in  new  fields,  may 
be  covered  by  later  investigators  and  be  announced  before  his 
see  the  light.     This  reward  for  scientific  authorship,  while  it 
cannot  be  expressed  in  dollars  and  cents,  and  cannot  perhax)S 
be  included  in  definite  terms  in  the  contract  with  the  author 
when  he  undertakes  the  work  of  any  investigation,  yet  acts  as  a 
powerful  stimulant  and  as  a  final  element  in  the  compensation 
lie  reasonably  counts  upon.    He  naturally  is  backward  in  assert- 
ing it;  and  it  is  a  lamentable  fact  that  credit  for  some  valuable 
xesearch  and  some  discoveries  has  been  lost  to  their  authors 
'because  of  the  suppression,  or  at  least  the  tardy  publication,  of 
tiheir  reports  until  after  others  had  made  the  same  discoveries 
and  had  announced  them  to  the  public.     In  the  case  of  a  state 
survey  such    delay  not    only  injures  the  individual  but  also 
reflects  on  the  value  of  the  official  reports.     Wherever  scientific 
facts  are  first  published,  there  they  are  forever  acknowledged  and 
referred  to  by  future  authors.     If  the  state  has  incurred  the  cost 
of  an  investigation,  its  chief  value  is  lost  if  the  credit  of  its  dis- 
coveries cannot  be  secured  by^  early  publication,  and  if  the  same 
&ct8  are  published  elsewhere. 

The  condition  of  the  museum  and  of  the  unexamined  speci- 
mens is  about  as  has  been  stated  in  some  of  the  late  reports. 
Not  only  are  the  museum  halls  full  to  overflowing,  but  the  so- 
called  laboratories  of  the  survey  are  also  full.  It  has  become 
necessary  to  deposit  the  boxes  of  rock  samples  in  these  rooms. 
All  the  i>ackiDg,  handling  and  labeling  has  been  done  heretofore 
in  these  rooms.  Eecently,  owing  to  the  storage  of  a  large  part 
of  the  surplus  copies  of  Vols.  I  and  II  in  these  rooms,  there  has 
not  been  room  left  for  doing  this  work,  and  it  has  been  trans- 
ferred to  the  office,  on  the  second  floor  of  the  building. 

A  record  of  museum  accessions  is  herewith  again  reported, 
the  same  having  been  crowded  out  of  the  last  two  reports.  Its 
publication  subserves  the  double  purpose  of  acknowledging  dona- 
tions and  of  permanence  of  a  record  easy  to  consult  in  ciise  of 
desire  to  find  any  specimen  in  the  museum,  or  any  information 
ooncemingany  specimen  when  once  the  specimen  is  in  hand.    The 
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method  of  labeling  all  specimens  collected  has  been  found  very  safe 
and  permanent.  It  consists  of  mixing  a  solution  of  common 
shellac,  such  as  can  be  got  of  a  druggist,  with  some  coloring 
material  and  carefully  placing  the  numbers  with  a  small  brush  or 
with  a  stick,  on  the  specimens,  by  hand.  The  shellac,  being 
dissolved  in  alcohol  quickly  hardens  by  the  evaporation  of  the 
alcohol,  and  embracing  the  coloring  material  iu  the  hardened 
mass,  has  the  quality  of  permanence  of  color  and  insolubility  in 
water.  The  upper  right  hand  corner  of  the  specimen  is  used. 
In  case  the  natural  surface  is  rough,  or  if  the  color  of  the  letter 
to  be  attached  would  be  so  nearly  the  same  as  the  rock  as  to 
render  the  designation  indistinct,  the  surface  is  first  colored  over 
ill  a  small  rectangular  spot  with  some  other  color  of  the  same 
kind  of  material,  and  when  hardened  the  number  is  applied  over 
it.    The  specimens  have  been  numbered  as  below. 

The  regular  museum  scries,  such  as  have  I  ecu  placed  on  exhi- 
bition, whether  rock-samples,  minerals  or  fossils,  have  their 
numbers  in  red,  produced  by  mixing  the  shellac  with  **  vermilion 
red." 

The  series  of  N.  H.  Winchell,  mainly  crystalline  rocks,  are 
marked  blue,  produced  by  mixing  indigo  with  the  dissolved 
shellac. 

The  series  of  A.  Winchell,  also  crystalline,  are  marked  blnck, 
produced  by  mixing  the  shellac  with  India  ink. 

The  samples  collected  by  H.  V.  Winchell  are  marked  pink\  a 
mixture  of  vermilion  red  and  white  lead  with  the  dissolved 
shellac. 

The  samples  collected  and  reported  by  Mr.  U.  S.  Grant  are 
marked  ffreen,  made  by  mixing  the  shellac  with  paris-green. 

The  specimens  iu  the  archieological  collection  are  marked  in 
white,  mixture  of  white  lead  with  the  dissolved  shellac 

The  list  of  museum  accessions  herewith  reported  includes  only 
those  marked  in  red.  All  others  are  listed  in  connection  with 
the  respective  field  reports. 


itEPOBT  OF  N.  H.  WINCHELL. 

The  crystaHUne  rocks  of  Minnesota.  General  report  of  progress 
made  in  the  study  of  their  field  relations.  Statement  of  problems  yet 
to  be  solved. 

CONTENTS. 
Introduction, 

1.    Work  ^one  by  the  Minnesota  survey  on  the  crystalline  rocks. 

(a)  Early  views.    State  of  knowledge  when  this  investigation  was  begun. 

(b)  The  problems  then  unsolved. 

(c)  List  of  publications  issued  since  the  Minnesota  survey  began. 

(d)  The  various  annual  reports. 

The  first  annual  report,  1872. 
The  second  annual  report,  1873^ 
The  sixth  annual  report,  1877. 
The  seventh  annual  report,  1878. 
The  eighth  annual  report,  1879. 
The  ninth  annual  report,  1880. 
The  tenth  annual  report,  1881. 
The  eleventh  annual  report,  1882. 
The  thirteenth  annual  report,  1884. 
The  fifteenth  annual  report,  1886. 
The  sixteenth  annual  report,  1887. 
BuUetin  No.  2,  M.  £.  Wadsworth,  1886. 

2.  The  various  steps  of  progress. 

3.  The  results  of  the  investigation  so  far  as  they  appear  at  present, 
i.     Comparison  of  these  results  with  those  reached  elsewhere. 

(a)  Agreements. 

(b)  Disagreements. 

5.     Problems  still  unsolved. 

iNTKODUcnoN.  In  the  course  of  any  investigation  that  is 
extended  over  a  number  of  years,  like  that  of  the  work  of  the  sur- 
vey on  the  crystalline  rocks  of  the  state,  it  is  necessary,  for  an 
intelligent  application  of  effort,  to  review  the  progress  made  and 
ascertain  as  nearly  as  possible  the  amount  and  kind  of  work  that 
remains.  It  is  one  of  the  characteristics  of  geological  investiga- 
tion, and  particularly  of  research  among  the  crystalline  rocks, 
that  as  difficulties  disjippear,  under  the  reflective  scrutiny  of 
the  laborer,  new  problems  are  presented  for  solution.  In  the 
solution  of  these  more  advanced  problems  the  geologist  sometimes 
forgets,  in  the  eagerness  of  his  pursuit,  that  it  is  incumbent  ou 
him,  in  the  interests  of  his  own  work,  as  well  as  for  the  informa- 
tion of  others,  to  render  an  account  of  his  progress  and  of  his 
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success  iu  surmounting  the  difficulties  that  confronted  him  at  th 
ouUset.  Tliore  are  but  few  investigators,  in  any  branch  of  sdeMB, 
that  have  not  made  mistakes.  They  may  have  advanced  andei 
illusive  guides  along  devious  lines,  they  may  have  retreated 
where  they  ought  to  have  advanced,  or  advanced  where  th^ 
should  have  retreated.  They  have  entertained  partial  or  wrong 
opinions;  but  it  is  evident  that  no  one  should  be  held  to  these 
errors  that  are  incident  to  the  process.  The  final  statemeDtonlj 
ought  to  stand  for  the  result  of  the  investigation.  This  may  ood- 
travene,  or  it  may  modify  or  totally  disprove  some  of  Ihe  early 
views.  There  is  hence  a  justifiable  reluctance  on  the  part  of  tt 
investigator  to  publish  his  results  till  he  is  satisfied  that  he  ii 
right,  and  that  the  work  is  finished.  In  the  case  of  the  MIdm- 
sota  survey,  however,  like  all  surveys,  it  ought  to  be  "finished" 
That  is,  its  work  should  be  rounded  out  with  a  so-called  comple- 
tion; for  it  is  evident  that  however  far  the  work  should  be  con- 
tinued there  would  still  remain  unsettled  questions.  It  is  not 
within  the  power  of  one  survey,  nor  of  one  generation,  toexhaoflt 
the  possible  research  that  might  be  applied  to  the  examinatioi 
of  the  geology  of  the  crystalline  rocks. 

For  these  reasons  it  is  thought  best  to  take  an  inventory  of  tlM 
survey^s  work  and  result^)  in  the  examination  of  the  crystaHine 
rocks  of  the  state.  This  will  be  preliminary  only,  and  the  ap- 
])arent  truth,  as  it  may  be  expressed  in  this  report,  may  appear 
different  in  the  light  of  future  discoveries,  and  the  final  report- 
on  this  work  may  be  somewhat  different  from  that  which  is  here 
foreshadowed. 

1.      WOlUv    DONE  BY  THE  MINNESOTA  SURVfiY  ON  THE  CRYSTAL- 
LINE ROCKS. 

The  efforts  of  the  survey  have  been  direct^id,  almost  whollji 
to  the  field  relations  of  the  tcrraues.  It  is  evident  that  all  labo- 
ratory' deteriiiiiJsUioii.s  ai'e  subordinate,  in  their  bearing  on  tJw 
genenil  geology,  to  tlie  labor  expended  in  the  field.     That  which 

• 

is  of  first  inqmrtance  is  a  knowledge  of  the  facts  as  to  superposi- 
tion, transition,  and  extent  of  the  various  kinds  of  i-ocks  as  th^ 
exist,  iu  fact.  >su  line  mineralogical  disquisitions,  or  chemical 
dettMiniiiations,  or  sti'atigraphiciil  suppositions,  or  historic^ 
revi<*ws  of  i)ast  speculations,  can  bear  the  weight  of  a  feather iB 
the  balance  a;j:ainst  lh«'  facts  of  field  observation.  Dr.  M.  E 
Wadswoi'i  li  has  triilv  said"  that  the  field  evidence  must  iu  all  cases 


*  N»tcs  on  lliv  ^■•■>l<^•_'y  .if  tin-  imn  nu.l  copper  districts  of  Lake  SuiM*rior,  p.  74. 
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be  the  arbiter  and  guide  to  the  conclusions  of  the  microscopist 
in  his  laboratory  work  on  crystalline  rocks,  as  to  their  eruptive 
or  sedimentary  nature.  This  supposes  that  the  facts  as  reported 
are  the  actual  facte.  It  is  true,  however,  that  from  different 
standpoints  the  same  facts  may  be  reported  differently  by  differ- 
ent observers,  or  beciiuse  of  a  lack  of  capacity  or  training  in  field 
observation  on  the  part  of  one  or  the  other.*  So  far  as  the  work 
of  the  survey  is  concerned,  while  it  would  be  obviously  absurd 
to  assert  that  no  mistakes  of  field  observation  have  been  made, 
and  no  incorrect  inferences  have  been  arrived  at  by  the  field  ob- 
servers, it  IB  no  more  than  the  facts  of  the  case  will  justify  to  say 
that  the  Minnesota  survey  has  devoted  more  time  and  accumu- 
lated more  exaet  knowledge  regarding  the  field-relations  of  the 
crystalline  rocks  than  has  any  other  state  survey;  and  probably 
has  given  more  time  to  field  work  in  the  crystalline  rocks  of  the 
Northwest  than  the  United  States  geological  survey.  In  some 
instances  extensive  routes  of  observation  have  been  gone  over 
more  than  once  for  correction  or  verification.  These  field  obser- 
vations have  been  reported  in  whole  or  in  part,  from  time  to 
time  chronologically  in  the  reports  of  progress,  but  their  frag- 
mentary parts  have  not  been  grouped  and  presented  systemati- 
cally so  as  to  show  the  results  as  they  appear  iu  the  mind  of  the 
writer. 

(a)  Early  views.  State  of  Inowledge  when  this  investi^jiatian  was 
begun. 

When  the  Minnesota  survey  was  begun,  in  the  fall  of  1872, 
there  had  been  but  little  done  on  the  crystalline  rocks  of  the  North- 
west. In  addition  to  the  desultory  and  often  fragmentary  work 
of  the  Canadian  survey,  which  should  be  classed  rather  as  explor- 
ation and  sketch- mapping,  and  which  had  been  spread  over  the 
Canadian  shores  of  lake  Sui)erior  as  far  as  to  Pigeon  river  by  Mr. 
Robert  Bell,  the  only  published  information  respecting  the  older 
terranes  in  Minnesota  was  in  the  reports  of  Keating,  Allen  and 
SchoolcraH,  Shumard,  Norwood,  Whittlesey  and  Hall,  with  -some 
brief  notes  by  Bigsby,  on  the  Lake  of  the  'Woods.  Douglas 
Houghton  had  also  visited  Grand  Portage  and  some  i)oints 
further  west.  Eames  &  Hauchett  bad  also  rendered  short  re- 
ports on  some  features  of  the  northern  part  of  the  state,  t  There 
had  been  published  also,  in  1871,  in  the  Zdtschrift  d.  Deuischen 

*  Compare  Irring's  ftod  Wad^worth's  dillVrent  "bservations  on  the  "  Kasteru  Saiulstono," 
Oopper'b&irinff  rocki  of  lake  Su^f  trior,  Miino^jrapli  Ni».  '>,  V.  8.  llool.  Survuy,  p.  STjO,  ct  seq. 

tSee  VoL  I.  fioal  report,  for  sonic  acci>unt  of  tlu>s<;  oarly  pub] lent  ions. 
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• 

geologischen  Gesellschaftj  a  paper  by  Dr.  J.  Kloos  giving  some 
notes  on  Minnesota,  in  which  important  new  observations  were 
recorded.  It  was  two  or  three  years  later,  however,  that  this 
last  paper  was  first  known  to  the  writer.*  Prof  A.  Winchell 
and  Prof.  E.  D.  Irving  had  also  made  some  observations  on  the 
geology  of  the  Northwest,  particularly  in  Michigan  and  Wis- 
consin. The  report  of  Foster  and  Whitney  on  the  copper  and 
iron  districts  of  the  lake  Superior  region  makes  no  mention  of 
the  geology  of  Minnesota  further  than  the  reported  occurrence  of 
one  or  two  minerals  on  the  north  shore  of  lake  Superior. 

So  far  as  any  of  this  work  touches  the  geology  of  Minnesota, 
in  the  areas  of  the  crystalline  rocks,  it  may  be  divided  into  two 
classes. 

1.  That  which  is  descriptive  of  the  geographic  extent  of  the 
crystalline  rocks. 

2.  That  which  by  careful  mineralogicaJ  determinations  dis- 
criminates the  rock  species  from  each  other,  or  classifies  the 
formations  stratigraphically. 

In  the  former  may  be  placed  the  reports  of  Keating,  Allen, 
Schoolcraft,  Shumard,  Eames,  Hanchett  and  Houghton;  in  the 
latter  are  the  reports  of  Norwood,  Whittlesey,  Hall  and  Kloos. 
Norwood^s  report  partakes  largely  in  the  character  of  the  first 
group.  Whittlesey's  was  the  result  of  observations  made  in 
company  with  Norwood,  and  embraces  about  the  same  facts  and 
conclusions.  Prof.  James  Hall's  report  of  a  trip  from  St.  Paul 
to  lake  Shetekf  in  1866,  embraces  the  first  reference  of  any  of 
the  crystalline  rocks  of  the  state  to  their  supposed  stratigraphic 
equivalents  in  the  eastern  states  and  Canada.  He  distinctly 
refers  the  gneisses  at  Redwood  Falls  to  the  Laurentianj  and  the 
quartzytes  at  New  Ulm  and  Pipestone  to  the  Uuronian^  names 
which  had  been  adopted  by  the  Canadian  geologists,  though  with 
some  ambiguity  and  overlapping  of  description,  the  former  in 
1854,  §  and  tlie  latter  in  1857,  S  § 


*  See  trannalntion  of  this  in  the  tenth  anual  report. 

i  lKGrt,Trau».  Am.  I'hil.  Soc,  Thlladelphia,  p.  329. 

f  (k'ol.  Kepori  (.'an.  Stirvev,  1857,  p.  7.  The  name  was  used  in  "Sketch  of  the  Geolc^y  of  Can- 
ada," pvinie<l  in  French  in  Parii,  IS-W.  This  is  embrac»Hl  iu  "Canada  at  the  UnlTenal  Ezpofl- 
tion  of  1 «.".,"»,"  by  ,1.  C.  Taehe,  a  report  printed  at  Toronto,  "  by  order  of  the  L^Ialatlre  Assem- 
bly," ISoC.  It  wiistirst  announced  in  the  reftort  of  the  surrey  for  1S52-53,  which,  however,  wu 
not  published  till  18.'}4,  at  QucIkh.*. 

? ;  In  Mr.  Murray'ii  ret»ort^  for  1853,  ]8o4,  1855  and  1856  the  terms  "  Hurontan  system  "  and 
"  Lanreiitian  system  '*  are  u.sed  incidentally,  and  as  lieadings  to  chapters ;  but  as  these  were  not 
olTerod  tor  pulilication  by  Mr.  Lo^aii  till  March,  18;')7,  they  cannot  be  considered  as  offielal 
announcements  of  ihoso  names  till  the  date  of  their  actual  publlcatiOD. 
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Just  prior  to  the  adoption  of  these  terms,  expressive  of  a  dis- 
tributive chronological  classification  of  the  terranes  of  the  crys- 
talline rocks,  at  least  all  those  lying  below  the  Potsdam  sand- 
stone,  Messrs.  Foster  and  Whitney*  had  employed   the  term 
Azoic  J  afber  Murchison  and  Yerneuil,t  and  had  divided  them 
mineralogically  rather  than  chronologically,  into  gneiss,  mica 
and  hornblende  slate,  chlorite,  talcose  and  argillaceous  slate, 
quartz  and  marble,  t    They  considered  them  an  indivisible  com- 
plex series,  whose  foldings  and  metamorphic  changes  rendered  a 
determination  of  their  original  stratigraphic  order  impossible. 
This  term,  with  its  significance  as  interpreted  by  Foster  and 
Whitney,  Tvas  adopted  by  Dana  in  the  first  and  second  editions  of 
his  Manual  of  Geology  (1862  and  1864),  and  by  the  Vermont 
geologists  in  1862  (Geol.  of  Vermont,  Vol.  I).    It  was  not  till 
1874  when  the  third  edition  of  this  manual  was  issued  (by  some 
mistake  also  called  '^ second"  edition),  that  the  terms  used  by 
the  Canadian  geologists  were  adopted  in  this  work.    They  are 
continued  in  the  fourth  ("third")  edition  issued  in  1879.    Dr. 
Ebenezer  Emmons  evidently  shared  the  views  of  Foster  and 
Whitney.    Aside  from  his  opinion  that  the  Huronian  of  Canada 
was  only  a  synonym  of  his  Taconic  which  he  insisted  was  not 
'^Primary,"  he  divided  the  "primary"  rocks  into  two  groups,|| 
l)a8ed  on  the  varying  theoretical  agency  of  heat  in  their  produc- 
tion  and  present  condition,  viz.,  pyrocrystaUine  a,nd  pyro-plastw. 
In  the  former,  in  the  main,  he  embraced  granite,  gneiss,  mica 
slate,  talcose  slate,  hornblendic  and  hypersthene  rocks,  that  is  to 
say,  speaking  broadly,  the  acid  eruptive  rocks  and  their  accom- 
panying schists,  and  in  the  latter  he  included  the  most  of  the 
basic  eruptives.§ 

When  the  Minnesota  survey  began  [1872]  the  Wisconsin  sur- 
vey, lately  completed  by  Chamberlin,  had  not  yet  been  instituted.  S§ 
and  the  Michigan  survey,  revived  in  1869,  did  not  present  its 
first  final  volume  for  publication  till  May  1,  1873.  The  writer, 
having  been  at  work  in  1870  on  the  Michigan  survey,  was,  how- 


•  Proc.  A.  A.  A.  a  1851,  p.  4. 

fThe  Geology  of  Russia  in  Earope,  Vol.  I,  p.  10. 

tBq^rt  on  the  Geology  of  the  lake  Superior  land  district;    part  II.  p.  2.  Am.  Jour.  Sci.,  (2) 
xxiiL305. 

\  3£anaal  of  Geology,    Second  edition,  1860,  p.  52. 

lEninions  alao  regarded  some  limestones  as  pyru-crystalline,  and  be  embraeus  it  in  both  series 
of  that  class  of  rocks.    Op.  cit.  p.  60  et  66. 

^|The  law  ordering  the  Wisconsin  survey  was  ai>provcd  March  18,  1S73. 

Vol.  III.— 2. 
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ever,  acquainted  with  the  views  of  the  director,  Prof.  A.  Win- 
chell,  and  of  major  T.  B.  Brooks,  the  geologist  of  the  iron  r^onS| 
touching  the  equivalency  of  the  Marquette  iron  formation  to  the 
Huronian  of  Canada,  as  subsequently  announced  in  Volume  I  of 
that  report. 

The  first  volume  of  the  New  Hampshire  report  by  Prof.  C.  H. 
Hitchcock  was  issued  in  1874,  and  that  devoted  to  the  strati- 
graphic  geology  of  the  Archiean  in  that  state  in  1877. 

(b)  The  problenis,  therefore^  that  were  then  unsolved^  touching 
the  stratigraphy  of  the  Azoic  or  Archscan,  were  as  follows : 

1.  Could  the  Azoic  be  divided  stratigraphically  with  any 
probable  general  applicability  ? 

2.  Could  the  terms  Huronian  and  Laurentian,  as  employed 
by  the  Canadian  geologists,  find  any  equivalents  in  the  crystal- 
line rocks  of  Minnesota? 

3.  What  relation  did  the  Huronian  bear  to  the  Cambrian? 

4.  Wliat  relation  did  the  Huronian  bear  to  the  Taconicf 

5.  What  relation  did  the  Cambrian  bear  to  the  TaconicT 

6.  What  relation  did  the  Animikie  bear  to  the  Taconic^  the 
Cambrian  and  the  Huronian  ? 

Correlatively  with  these  problems  appeared  others,  although 
they  did  not  present  themselves  so  forcibly  till  some  time  later, 
viz.: 

7.  Could  the  rocks  classed  as  Laurentian  be  distinctly  shown  to 
be  of  older  date  than  the  Huronian?  All  of  them,  or  a  part 
of  them? 

8.  Could  the  Laurentian  be  subdivided? 

9.  Is  the  Laurentian  derived  from  originally  sedimentary 
rock?  or  from  primarily  eruptive  rock? 

10.  If  originally  sedimentary,  or  if  primarily  eruptive,  why 
is  it  mainly  an  **acid''  rock? 

(c)  Puhlications  issued  since  the  icorJc  began. 

In  an  appendix  is  a  list  of  publications  that  have  been  issued 
since  1S72,  bearing  on  the  geology  of  the  crystalline  rock,  of  the 
Northwest,  so  far  w&  the  writer  has  learned  of  them.  It  is  prob- 
ably not  complete,  but  certainly  embraces  everything  that  has 
contributed  to  the  subject  any  important  information.  To  all  of 
these  the  writer  must  acknowledge  great  indebtedness,  and  to 
none  greater  than  to  the  geologists  of  Michigan  and  Wisconsio, 
Maj.  T.  B.  Brooks,  Dr.  A.  Wiuchell,  Prof.  E.  Pumpelly,  Dr.  C. 
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BomiDger,  Prof.  C.  B.  Wright,  A.  E.  Marvine,  Prof.  R.  D. 
Irving,  Prof,  (now  President)  T.  C.  Chamberlin,  E.  T.  Sweet, 
and  to  Prof.  M.  E.  Wadsworth,  now  state  geologist  of  Michigan. 

(d)  The  various  annual  reports:  progress  from  year  to  year. 

That  there  has  been  some  advance  in  the  science  of  the  crys- 
talline rocks  in  America  at  large  as' well  as  in  those  of  the 
Northwest,  and  of  Minnesota  specifically,  since  1872,  is  evident 
from  a  comparison  of  the  problems  unsolved  in  1872  with  those 
that  are  presented  to  the  geologist  in  1889;  and  while  this  ad- 
vance is  mainly  due,  of  course^  to  the  labor  of  the]authors  whose 
works  are  listed  above,  some  of  the  steps  of  this  progress  may 
be  accredited  to  the  Minnesota  survey.  Some  of  these 
steps,  due  to  a  large  extent,  or  wholly,  to  the  Minnesota 
survey,  it  will  be  appropriate  here  to  enumerate.  There 
may  be  still  a  difference  of  opinion  among  the  geologists 
of  the  United  States  and  Canada  as  to  ^hat  constitutes 
a  step  of  progress,  and  as  to  who  should  be  regarded  as  its 
author.  But  it  is  the  design  of  the  writer  to  mention  only  those 
8tex>s  which  appear  to  his  judgment  to  be  actual  advances, 
whether  they  appear  so  to  others  or  not,  and  in  that  he  holds  no 
one  responsible  but  himself.  As  to  the  responsibility  and  the 
credit  for  these  steps,  that  is  decided,  as  in  all  similar  cases  in 
science,  by  the  dates  of  the  published  literature  that  announces 
them.  The  record,  therefore,  which  will  here  be  given,  will  be 
that  of  the  progress,  mainly,  of  the  writer's  own  mind  and  ap- 
prehension of  what  he  considers  successive  advances. 

The  first  annual  report,  1872. 

The  first  annual  report  was  made  before  any  time  had  been 
allowed  for  examination  of  the  crystalline  rocks  of  the  state  by 
the  present  survey.  Therefore  the  only  design  was  to  express 
concisely  the  state  of  knowledge  that  then  was  available,  so  far  as 
t  bore  on  any  classification  that  might  be  accepted.  The  views 
>f  Foster  and  Whitney  as  expressed  in  1851,*  grouping  the  crys- 
;alline  rocks  in  the  same  manner  as  Murehison  and  Verneuil,  all 
n  one  system  under  the  name  Azoic, *'=^  were  cited  and  their  table 
>f  stratification  was  quoted.  At  the  same  time  the  subdivision 
nto  Laurentian  and  Hurouian,  introduced  by  Logan  and  Hunt 

^Report  on  the  Geology  of  the  lake  Superior  laud  district.    Fart  1 1,  p.  m.  Proc.  A.  A.  A.  i<.  1 W 1 ,  p.  4 
••  Geology  of  Russia,  Vol.  I,  p.  10.  * 
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of  the  Canadian  survey,  though  contested  by  Prof.  Whitney,  was 
generally  prevalent,  and  these  terms  were  included  in  the  brief 
description  then  published  of  their  extension  into  Minnesota. 

The  most  important  question,  however,  which  was  considered 
in  the  first  report,  bearing  on  the  classification  of  the  Laurentian 
and  Huronian,  was  that  pertaining  to  the  Potsdam  sandslone.  The 
bearing  of  this  discussion,  however,  upon  that  classification  was 
not  fully  apprehended,  as  its  application  and  significance  have 
been  brought  to  light  in  some  of  the  later  years  of  the  survey. 
Drs.  Owen  and  Norwood,  as  well  as  A.  Winchell  *  considered 
the  red  sandstones  and  quartzytes  of  Wisconsin  and  Minnesota 
as  the  conformable  downward  extension  of  the  light-colored 
sandstones  of  the  St.  Croix  and  Mississippi  vallcjrs  which  they 
parallelized  with  the  Potsdam  of  New  York.  It  was  just  before 
the  commencement  of  the  Minnesota  survey  (Feb.,  1872,  Am. 
Jour.  Sci.,  p.  93),  that  Prof.  E.  D.  Irving  demonstrated  conclu- 
sively that  at  Baraboo,  Wisconsin,  there  was  a  marked  uncon- 
formity between  the  red  and  the  light- colored  sandstones,  and 
that  they  could  not  belong  to  the  same  system.  Prof.  Irving 
coincided  with  Prof.  James  Hall,**  who  had  previously  regarded 
the  light-colored  upper  sandstones  as  Potsdam  and  had  been 
followed  by  nearly  all  geologists  of  America,  in  referring  the 
lower  quartzytes  to  the  Huronian  of  Canada. 

The  firet  report  of  the  Minnesota  survey  refers  the  lower 
quartzytes  to  the  Potsdam  horizon  of  New  York  and  gives  the 
name  aSY.  Croix  to  the  overlying  light-colored  sandstones.  In  the 
light  of  all  subsequent  examinations,  both  east  and  west,  there 
has  appeared  nothing  that  has  disproved  the  correctness  of  this  . 
reference,  but  on  the  other  hand  every  fact,  whether  of  pale- 
ontology or  of  stratigraphy,  which  has  been  brought  out  since 
1872,  relating  to  this  horizon,  has  been  in  accord  with  it.  It 
must  not,  however,  be  considered  as  sufficiently  demonstrated, 
so  long  as  there  are  competent  dissentients  who  still  restrict  the 
name  Potsdam  to  the  later  sandstones.  It  will  appear  later  in 
what  way  this  bears  on  the  classification  of  the  rocks  styled 
Azoic  by  Messrs.  Foster  and  Whitney  and  later  Archsean  by  Prof. 
J.  D.  Dana. 


*  Owen's  report  on  Wis.,  Iowa  and  Minn.,  pp.  48,  187,  and  Table,  p.  634.    Am.  Jour.  ScL  (U) 

xxxxii.'Jifi,  LSGL 

**IU>purt  of  progress  to  tho  Govc-inor  of  Wisconsin,  1860;  also  Xotes  upon  the  geology  of 
!M-»nie  |>ortions  of  Minn>j;iOta  from  St.  Paul  to  the  western  part  of  the  state,  Trans,  Am.  Phil.  8oc 
Philadelphia,  Juno,  ISGG. 
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The  second  anmial  report^  1873. 

In  the  second  report  was  an  account  of  the  geology  of  the 
Minnesota  valley.  While  this  entered  into  a  somewhat  detailed 
description  of  the  field  appearances  of  numerous  outcrops  of  the 
crystalline  rocks  between  New  Ulm  and  Big  Stone  lake,  there 
was  no  attempt  made  to  classify  them,  or  to  refer  them  to  any 
hoiizon  of  rocks  exposed  in  the  northern  part  of  the  state.  They 
were  regarded  as  a  southern  extension  from  the  granites  in  the 
northern  part  of  the  state,  and  were  presumed  to  have  their 
parallelisms  there  if  they  could  be  referred  to  their  proper 
places.  The  red  quartzyte  at  (or  near)  New  Ulm  is  again 
referred  to  the  age  of  the  Potsdam. 

The  sixth  anmial  reportj  1877. 

The  report  contains  i;he  first  recorded  observations  made  by 
the  Minnesota  survey  on  the  crystalline  rocks  of  the  northeastern 
part  of  the  state.  They  were  made  at  Northern  Pacific  Junction 
and  about  Little  Falls,  on  the  Mississippi  river.  An  examina- 
tion was  also  made  of  the  granitic  rock  in  the  vicinity  of  Motley. 
These  notes  are  simply  descriptive,  without  any  effort  at  classi- 
fication. 

In  this  report  is  a  description  of  the  geology  of  Eock  and  Pipe- 
stone counties,  in  which  are  large  outcrops  of  the  same  red 
quartzyte  as  seen  at  New  Ulm,  and  at  Baraboo,  Wisconsin.  It 
is  classed  as  Potsdam. 

77ie  seventh  anmial  report,  1878. 

In  the  seventh  report  is  a  sketch  of  a  somewhat  extended  sys- 
tematic examination  of  the  mining  geology  of  the  northeastern 
part  of  the  state.  The  coast  of  lake  Superior  was  examined  from 
Duluth  to  Pigeon  point,  a  trip  was  made  overland  from  Grand 
Portage  along  the  international  boundary  to  Basswood  (or  Basi- 
menan)  lake,  thence  to  Vermilion  lake,  the  St.  Louis  river,  across 
to  the  Mississippi  and  down  that  river  to  Little  Falls.  Some 
examination  was  also  made  of  the  country  between  Pigeon  point 
and  the  Brule  river  by  ascending  some  of  the  valleys  from  the 
shore  of  lake  Superior.  Among  the  geological  results  of  the  sea- 
son's field  work,  as  stated  in  the  report,  on  p.  10,  are  the  follow- 
ing points  which  may  be  classed  as  advances  in  classification  of 
the  crystalline  rocks  of  the  state. 

1.   The  syenites,  granites  and  other  rocks  that  had  been  named 
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Lanrentian  by  the  Canadian  geologists  graduate  conformably 
into  the  schists  and  slates  that  had  been  named  Huronian  by  the 
same — as  designated  and  defined  by  Mr.  Bobert  Bell.  This  is 
also  stated  by  Mr.  Bell  in  his  report  for  the  Canadian  geological 
survey,  1873,*  This  definition,  however,  of  the  Huronian  for- 
mation, as  will  appear  later  in  this  summary,  was  incorrect,  and 
the  correction  was  made  by  Mr.  A.  C.  Lawson  who  named  the 
schists  Keeicatln  series, 

2.  The  gray  quartzyte  formation,  No.  4  of  the  seventh  re- 
port, is  the  iron-ore  formation  of  the  Mesabi  range  and  gradu- 
ates conformably  into  siliceous  iron-charged  rock,  "which  in 
some  places  furnishes  a  valuable  iron  ore  in  large  quantities." 

3.  The  Cupriferous  formations,  later  known  as  the  Kewenian, 
or  Keweenawan,  lies  unconformablyover  several  formations,  and 
is  int^erstratified  with  the  beds  of  the  latest. 

The  evidences  of  those  conclusions  are  not  given  in  this 
report.  The  detailed  observations  have  not  yet  been  published^ 
but  a  synopsis  of  them  was  published  in  connection  with  a  pre- 
liminary description  of  rock  samples  collected,  in  the  ninth 
annual  report. 

The  eighth  aimual  report^  1879. 

So  far  as  the  eighth  report  records  the  work  of  1879  on  the 
crystalline  rocks,  it  embi-aces  the  descriptive  account  of  the  out- 
crops in  the  Minnesota  valley  by  Mr.  Warren  XJpham,  and  some 
miueralogical  notes  on  the  eruptive  ranges  of  the  lake  Sai>erior 
region  by  Prof.  C.  W.  Hall.  The  observations  of  the  writer  in 
the  northwestern  part  of  the  state,  in  1879,  have  never  been  pub- 
lished in  full,  but  a  synopsis  of  them  was  published  in  connection 
with  a  preliminary  description  of  rock  samples  collected,  in  the 
tenth  annual  report. 

In  a  preliminary  chapter  are  some  miueralogical  notes  on  the 
"Cupriferous  series  atDuluth"  (p.  22).  In  this  a  distinction  is 
drawn  between  the  labradorite  rock,  or  "gabbro,"  and  the  red 
orthoclastic  syenite  which  is  mingled  irregularly  with  it,  the 
latter  being  regarded  as  the  result  of  local  fusion  of  some  of  the 
sedimentary  strata,  probably  some  of  the  strata  of  the  Cuprif- 
erous series.  The  whole  trap  and  Cupriferous  series  of  lake 
Superior  is  here  assigned  to  the  age  of  the  Potsdam  sandstone. 

♦Report  of  progrew,  1872-3,  p.  106. 
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The  Ninth  annual  report^  1880. 

I 

This  report  gives  a  prelimiQary  description  of  442  rock  sam- 
ples collected  in  the  region  of  the  crystalline  rocks  northwest 
from  lake  Superior,  in  1878,  with  a  running  brief  commentary 
on  their  field  relations.     It  contains  but  little  attempt  at  classi- 
fication of  the  stratigraphy.     A  distinction  of  unconformity  is 
made  on  p.  82  between  the  gray  slates  and  quartzytes  of  the 
south  side  of  Gunflint  lake  and  the  hydromicaceous  rocks  of  the 
north  side,  the  two  being  separated  by  a  conglomerate-breccia, 
and  the  more  northern  rocks  being  regarded  as  the  equivalent  of 
irhat  the  Canadian  geologists  had  styled  Hurouian.    This  con- 
ception of  the  Canadian  Huronian  was  derived  from  Dr.  Hunt's 
liaving  described  the  Huronian  as  in  the  main  a  mass  of  green- 
stones, and  Dr.  BelPs  report  on  the  region  westward  from  Thun- 
der bay  in  1872.     Observations  are  recorded  on  p.  94  iudicating 
a  conformable  passage  from  what  was  then  regarded  as  Huronian 
tx>  the  lower  syenites,  or  Laurentian. 

The  tenth  annual  report^  1881. 

The  preliminary  description  of  rock-samples  is  continued  in 
this  report,  embracing  those  collected  in  1879,  and  extending  the 
list  to  No.  836  inclusive.  There  is  also  a  renewed  discussion  of 
the  Potsdam  sandstone  and  its  western  equivalents,  and  a  short 
description  of  some  typical  thin  sections  of  the  rocks  of  the 
Capriferous,  or  Kewenawan,  in  Minnesota. 

This  report  embraces  some  attempt  at  partial  classification, 
Btratigraphically,  of  the  crystalline  rocks.*  The  strata  that 
comprise  the  island  at  Grand  Portage  bay  are  described  in 
detail,  with  references  to  the  rock-samples  illustrating  them. 
This  is  followed  by  a  "Generalized  section  of  the  alternating 
beds  of  the  formation,"  and  of  the  Animikie  (Taconic)  and  lower 
terranes  to  the  granites  and  syenites  of  the  region  north  of  Gun- 
flint  lake.    It  is  as  follows: 

Qeneralited  median  at  Orand  Portage  and  northwestward  to  Gunflint  lake, 

1.  The  Palisade  rock,  or  the  '  *  red  'rock. ' ' 

2.  Green  shales,  etc.,  in  the  bay  east  of  Red  point  (Nos.  232,  235 

and  239). 

3.  Layer  of  trap,  like  540  (542)  seen 14  feet. 

4.  Chalcedonic  amygdaloid  (543)  seen 20  feet.. 

•See  pp.  47,  49,  87,  94,  112,  128-136. 
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5.  Fibrous  green  trap  striking  £.  and  W.  through  the  island  and 

ibrming  itt)  liighest  parts.  In  spots  it  is  globuliferous  with 
hanl,  dark,  strong,  sliot-like  pellets  about  \  inch  in  diameter, 
(Nos.  544  and  545) 35  feet. 

6.  Even-graine<l  saudrock  (546)  seen (<  feet. 

7.  Trap  l>ed,  llnrh'  and   irregularly  jointed,  with  nodules  of  white 

saocharoidal  calcite  (547)  seen 3G  feet. 

8.  Quartzyti'  (54^)  seen 5  feet. 

9.  Conglomerate  (549)  sieen 10  feet. 

10.  The  HK-k  No.  54(»,  forming  the  great  trap  covering  of  the  quart- 

zyte  hills  at  Grand  Portage;  seen  50  ft.;  estimated 250  feet. 

11.  The  slate  and  quart/.yte  terraues  seen  in  the  hills  at  Grand  Port- 

age, generally,  and  along  the  international  l)onndaiy  as  far 

west  a.s  the  west  end  of  Gunflint  lake,  estimated 400  feet. 

12.  Jasper  and  iron-ore  lieds  of  the  Mesabi,  and  southeast  of  Vermil- 

ion lake. 

13.  The  micaceous  and  chloritic  schists  and  slates  of  Vermilion  lake 

and  the  dalles  of  the  St.  Ix)uis  river. 

14.  The  mica  schists,  granites  and  syenites  of  the  region  north  of 

Ounllint  lake. 

This  takes  no  zu-count  of  the  great  labradorite  range,  which  in  some  places 
forms  the  Afesabi,  nor  of  the  iron-ore  de(>09its  of  May  hew  lake,  because  these 
are  apparently  included  in  the  rock  Nos.  258  and  540,  or  in  an  immense  outflow 
of  molten  matter  at  a  date  somewhat  earlier  (V.  No.  695  and  816).  Nor  does  it 
mention  the  conglomerate  at  Oglshke  Muncielake,  iMHttuse  that  is  apparently  an 
incident  of  the  slaty  and  t^ilcose  beds  included  in  sub-No.  13;  nor  the  i«d 
granite  of  the  region  of  Hrul^  Mt.,  because  they  are  probably  a  modified  con- 
dition of  the  Palisade  rock. 

Eespecting  the  parallels  of  the  qaartzyte  strata  composiug  a 
part  of  Isle  Royal,  so  far  as  fouud  iu  Minnesota,  the  foUowinf^ 
statement  is  found  on  page  49. 

Its  dip,  color  and  bedding  recall  the  red  qnartzyte  in  S.  W.  Minnesota,  but 
it  is  rather  leas  siliceons  than  that.  In  the  same  manner,  howeYer,  it  overliefl 
a  coarse  i>ebbly  conglomerate,  which  in  the  same  way  indicates  its  relation  to 
the  red  qnartzyte  of  Grand  Portage  island  and  of  Pigeon  Point  peninsula 
(No.  290),  iLS  well  a.s  to  the  sandrock  and  shales  of  Fond  du  Lac. 

Not  at  that  time  having  realized  the  fact  of  the  existence  of 
two  hematite  iron-ore  horizons,  in  two  separate  and  nnconform- 
able  formationsTlhere  are  some  intimations  of  the  confusion  of 
stratigraphic  interpretations  which  the  writer  discovered  when 
the  eftbrti  at  general  classification  was  undertaken.  Thus,  on 
page  94,— 

Tlie  "  Gunflint  beds"  (i.e.,  the  jasperoid  l^eds)  south  of  Gunflint  lake  (see  after 
No.  747)  liave  been  associated  with  the  slates  and  quartzytes  of  the  overlying 
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formation  (i.  e.,  the  Animike)  rather  than  with  the  talcose,  slaty  beds  under- 
lying (see  426),  but  obsenrations  about  Town  Line  and  Ogishke  Muncie  lakes 
-seem  to  indicate  that  they  are  here  a  part  of  a  schistose,  slaty  formation, 
highly  inclined,  which  belongs  to  the  Haronian  (i.  e.,  astheHuronian  had  been 
described  in  the  region)  passing  into  the  great  conglomerate  of  Ogishke  Mon- 
ocle lake.''  • 

At  the  same  time  the  conglomerate  about  Ogishke  Muncie 
lake  was  regarded  as  a  single  formation,  and,  while  in  all  de- 
scriptions and  sections  that  had  been  given,  it  had,  as  a  totality, 
"been  grouped  as  a  part  of  a  terraue  separate  from  the  Animike, 
^et  there  were  stated  to  be  some  considerations   that  seem  to 
require  it  to  be  considered  a  part  of  the  Animike  (p.  95);  and 
"that  the  horizontal  slates  (the  Animike)  as  a  whole  may  also 
pass  into  the  tilted  slates  as  a  whole.     It  will  only  be  necessary 
to  state  that  this  latter  idea  was  one  of  the  errors  that   are 
inseparable  from  the  progress  of  any  such  investigation.     It  was 
recorded  at  the  time  as  expressive  of  the  stageof  interpretation  of 
the  facts  that  had  then  been  reached.     Yet  it  was  not  wholly 
erroneous.    The  facts  appealed  to,  conflicting  as  they  appeared 
then,  are  facts  still,  and  they  go  with  numerous  other  observa- 
tions to  force  the  abandonment  of  the  idea  that  the  Animike  is 
•convertible  into  the  "talcose''  or  sericitic  slates  and  schists  of 
the  r^on  further  west,  although  they  do  become  highly  tilted. 
The  former  idea,  however,  when  separated  from  the  latter,  and 
supplemented  by  further  statement  in  harmony  with  a  wider  field 
of  observation,  has  stood  the  test  of  all  the  study  and  observa- 
tion that  have  been  devoted  to  this  point,  and  may  be  consid- 
ered as  a  step  of  progress,  viz.,  The  formation  of  horizontal 
slates  of  the  vicinity  of  Gunflint  lake  and  the  international 
boundary  is  the  same  as  the  highly  tilted  slate  and  quartzyte 
forma;tion  that  passes  into  the  slaty  conglomerate  of  the  region 
of  Ogishke  Muncie  lake.* 

In  regard  to  the  epoch  of  the  great  outflow  of  the  lab- 
radorite  rock,  the  '^gabbro,"  some  general  statements  are  given 
on  pages  112  and  113,  based  on  observations  at  Beaver  Bay, 
which  show  that  this  rock  preceded  the  advent  of  the  bulk  of 
the  eruptive  traps  of  the  Cupriferous.  The  conclusions  are  in 
these  words: 


*  Pro!  Irring  and  the  Wisconitin  and  Michigan  geologists,  at*  well  a.s  all  the  Canadian  gcolo- 
giats  except  Dr.  A.  C.  Lawaon,  so  far  as  kiiowD,  n'gard  these  horizontal  slates  when  broken  and 
tUied  and  the  tilted  nchiata  as  both  include<l  in  the  Huronian :  and  Prof.  Irving  has  referreil  to 
this  hypothetical  oonTenion  of  one  to  the  other  in  support  of  that  riew.  (Copper-bearing  rocks 
<of  lake  Superior,  Hon.  V.,  U.  S.  Geol.  Sur.,  p.  443.) 

Vol.  III.  —3. 
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(1)  The  Great  Palisades  are  of  a  itK'k,  the  e({nivalent,  geologically,  of  (be 
slaty  quartzyte  (Xos.  127  and  528)  at  Boaver  Bay,  and  below  that  point;  and 
to  the  reil  syenite  of  the  islands  below  Beaver  Bay,  and  of  the  west  bluff  of 
Beaver  bay ;  and  to  the  red  (often  r{aartz1e8s)  rock  associated  with  the  gabbzo 
at  Dulnth.  These  beds  also  const itnte  the  red  bluffs  at  Tischer's  near  Dnlntb, 
and  New  Lond(fti,  as  well  as  the  red  nx-ks^at  Baptism  river  and  the  East  Pali- 
sades. 

(2)  The  feldsimr  masses  arc  of  the  same  rock  (geologically)  as  the  Rioe- 
Point  gabbro,  and  both  are  the  result  of  copious,  and  perhaps  one  of  the  earli. 
est.  igneous  outflows  of  the  Cupriferous.  *  *  *  The  late  outflows  derived 
fragments  from  the  ''clinker  fields"  and  from  the  knobs  of  feldspar  already 
formed,  as  they  passed  along;  and  when  these  had  been  covered  by  later  sedi- 
mentation such  sedimentary  beds  were  also  involved  in  the  later  upheavals  and 
fusions. 

The  "slaty  quartzyte"  here  mentioned  as  the  probable  equiv- 
alent of  the  Palisade  rock,  is  a  firm,  purplish  felsyte  containing^ 
some  angular  quartz  grains. 

In  the  discussion  of  the  question — what  are  the  western  equiv- 
alents  of  the    Potsdam   sandstone — the  tenth  annual  report 
records  some  departures  from  the  conclusions  of  the  Wisconsiii 
geologist^},  and  reverts  to  the  opinions  expressed  in   the  first 
annual  report,  to  the  effect  that  the  Potsdam  sandstone  of  New 
York  is  not  found  at  all  in  the  bluffe  of  the  Mississippi  river^ 
but  that  it  is  more  likely  to  be  represented  by  the  red  sandstone 
and  shales  that  constitute,  with  the  associated  eruptive  rocks 
and  conglomerates,  the  Cupriferous  or  Kewenawan  formation  of 
lake  Superior.     It  maintains  that  the  Taconic  system  was  estab-- 
lished  correctly  by  Dr.  Emmons,  and  that  it  is  repeated  in  the 
Auimike  of  Thunder  bay,  as  well  as  in  the  Georgia  group  o^ 
Vermont.     This  last  is  an  important  step  of  progress,  in  the 
opinion  of  the  writer,  and  one  that  no  later  discoveries  have 
tended  to  invalidate.     This  conclusion  was  reached  by  a  com- 
parison of  the  described  stratigraphy  and  the  paleontology  o^ 
the  formations  involved  in  the  east,  with  those  of  the  west^ 
The  Potsdam  sandstone,  or  quartzyte,  in  both  places  lies  proba- 
bly unconformably  over  the  Taconic. 

The  eleventh  annual  repoHy  1882, 

While  containing  some  matter  relating  to  the  mineralogy  and 
lithology  of  the  state,  also  embraces  a  table  of  the  systematic^ 
geology  of  the  crystalline  rocks.    This  represents  the  "Huro- 
nian"  as  extending  from  the  Potsdam  formation  through  the^ 
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Taoonic,  also  embracing  the  formation  since  named  Keewatin  by 
Dr.  A.  C.  Lawson,  and  the  mica  schists  since  named  (in  the  re- 
port for  1886)  Vermilion  group*  by  this  survey.  The  black  slates 
and  the  quartzytes  of  the  Animike  and  the  Ogishke  Conglom- 
erate are  made  the  equivalent  of  some  of  the  Taconic.  This 
includes  also  the  iron -bearing  rocks  of  the  Mesabi  range  and  Ver- 
milion lake,  the  '^Gunflint"  beds  and  the  slates  and  quartzytes 
at  Thomson.  The  magnesian  sericitic  schists  of  the  region  of 
Vermilion  lake  and  north  of  Gunflint  lake,  while  placed  below 
the  Taconic  and  above  the  mica  schists  (which  are  styled  ''  Mon- 
talbanY")  are  doubtfully  supposed  to  represent  the  true  Huro- 
nian. 

Prof.  A.  H.  Chester,  in  this  report,  parallelizes  the  iron  dis- 
tricts of  Minnesota,  i.  e.,  the  Mesabi  and  the  Vermilion  ranges, 
both  with  the  '^Huronian,"  and  specially  dwells  on  the  resem- 
blance of  the  Mesabi  iron-bearing  rocks  to  those  of  the  Penokee 
range  in  Wisconsin.  He  also  calls  special  attention  to  the  close 
geological  similarity  between  the  Vermilion  iron  deposits  and 
those  of  Marquette. 

The  thirteenth  annual  report^  1883. 

In  this  report  is  found  the  first  statement  that  indicates  the 
necessity  of  separating  the  Vermilion  ore  horizon  from  the 
Mesabi  ore  horizon.  See  pp.  24,  37.  It  is  here  assigned  to 
the  formation  of  '^Huronian  conglomerates  and  greenstones" 
(see  Fig.  5,  p.  22),  the  same  that  in  the  eleventh  report  was 
described  (p.  170)  as  '^magnesian,  greenish,  soft  schists,  becoming 
syenitic  and  porphyritic;  seen  on  the  north  side  of  Gunflint 
lake,  along  the  international  boundary  at  Basswood  lake,  and  at 
Vermilion  lake,"  the  formation  of  graywackes  and  sericitic 
scliists  which  has  since  been  designated  Keewatin,  the  same  that 
in  the  ninth  report  was  said  to  be  unconformably  under  the 
Animike  at  Gunflint  lake. 

This  report  also  describes  primordial  fossils  from  the  red 
qaartzyte  of  southwestern  Minnesota,  the  same  that  Prof.  James 
Hall  had  classed  as  Huronian,  and  that  had  been  also  regarded 
Hnronian  by  the  Wisconsin  geologists.  These  fossils  are  Lin- 
gula  caluniet  and  Paradoxides  barberi,  and  the  beds  containing 
them  are  supposed  to  be  represented  in  the  lake  Superior  region 
by  the  red  quartzyte  at  the  head  of  Wauswaugoning  bay  and  on 

*  About  the  Hune  time  the  Vermilion  group  was  named  CbntchicMng  by  Dr.  I^wson.    Am. 
Jour.  SeL  (3)  xxzia,  p.  47S. 
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Pigeon   point,  which  iu  the  tenth  rei>ort  was  supposed  to  be 
extended  to  Isle  Boval. 

Thr  Hfterath  annual  rejiort,  1SS6. 

A  large  amount  of  field-work  was  done  in  18S6.  It  added 
much  to  the  evidences  of  the  correctness  of  the  general  iiaral- 
lelisms  that  had  been  gradnally  wrought  out  by  the  surrey. 
It  also  introduced  some  new  problems,  and  showed  the  necessity 
of  instituting  some  subordinate  divisions  in  the  formations  that 
had  been  si>okeu  of  in  other  reports.  It  also  showed  the  neces- 
sity of  abandoning  some  of  the  hypothetical  parallelizations  that 
had  been  entertained. 

In  respect  to  the  gabbro  formation,  the  Mesabi  overflow,  it  was 
found  to  be  indistinctly  separable  from  another,  and  earlier,  erup- 
tive rock  which  constitutes  a  prime  feature  in  the  topography, 
and  which  occupies  a  wide  belt  of  country  running  along  north  of 
thegabbro  area,  its  line  of  direction  being  rudely  parallel  with 
the  north  limit  of  the  gabbro.     A  general  representation  of  the 
geographic  areas  of  the  various  formations  was  attempted  on  a 
colored  geological  map  of  the  northeastern  part  of  the   state. 
The  gabbro  was  found  to  have  extended  so  far  north  as  to  have 
covered  from  sight  the  line  of  strike  of  the  Animike  (p.  3S1) 
and  to  have  come  into  contact  with  the    older  syenite    (pp. 
347-49).     It     was     intimated   that    the    Animike    formation 
overlay  one  eruptive  rock  and  underlay  the  other,   and  that 
it  seemed  to  embrace  the  Ogishke  Muneie  conglomerate  in  its 
lower  portion  (p.  381).    The  entire  eruptive  rock  was  found  to 
be  in  some  places  a  remarkable  agglomerate^  and  in  various  ways 
to  become  changed  to  greenish  schists,  chloritic  and  sericitic, 
and  to  embrace  in  its  mass,  generally  in  a  manner  of  unconform- 
ity, the  jaspilyte  and  iron-ore  of  the  Vermilion  lake  region.    At 
the  same  time  this  green  rock  exhibited  at   times  very  mani- 
festly some  signs  of  aqueous  stratification;  at  other  times  no  such 
structure  could  be  found  in  it,  and  it  merged  into  a  dense,  homo- 
geneous, massive  doleryte.     The  gray wackes  which  are  in  tUs 
greenstone  formation,  fade  out  by  merging  into  its   evidently 
eruptive  condition,  but  in  many  places  are  purely  sedimentary, 
having  much  quartz  as  rounded  grains  and  pebbles,  arranged  io 
sedimentary  layei'S. 

The  mica-schist  belt  which  was  shown  to  be  stratigraphically 
below  the  graywacke-greeustone  horizon  was  named  VermUiOi^ 
group,  or  series.    It  was  said  to  merge  into  the  gneisses  belot*" 
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sometimes  conformably  and  at  others  to  be  united  with  them 
through  a  series  of  mutually  intersecting  dikes,  the  gneissic  rock 
penetrating  the  schists,  in  their  original  condition  probably 
of  a  basic  eruptive,  and  the  latter  also  cutting  the  contiguous 
gneissic  masses.  These  rocks  are  both  also,  cut  by  basic  dikes  of 
later  origin  (pp.  290-296). 

The  lowest  rock  seen  was  described  as  gneiss;  but  at  the  same 
time  the  gneissic  structure  was  found  to  not  always  prevail.  This 
lowest  rock,  which  was  accepted  as  Laurentian,  is  not  only  some- 
times massive,  but  it  is  either  granite  or  syenite,  i.  e.  the  dark 
mineral  is  sometimes  mica  and  sometimes  hornblende,  or  both  at 
the  same  time. 

The  granites  and  syenites  were  not  all  put  into  the  same 
stratigraphic  horizon.  The  '^fundamental  gneiss,-'  which  man- 
ifestly lay  below  the  mica-schist  horizon,  occupies  a  distinctly 
marked  stratigraphic  place.  Such  is  that  seen  at  the  noi*thwest 
end  of  Vermilion  lake.  Not  to  mention  the  red  syenit-e  which  is 
intimately  associated  with  the  gabbro,  and  is  certainly  of  the  same 
date,  in  its  present  condition,  as  the  gabbro,  a  further  distinction 
was  introduced  by  which  the  rock  of  the  Giant's  range,  where  the 
range  consists  of  a  narrow  and  abrupt  ridge  of  granite  rock,  is 
separated  from  the  age  of  the  Laurentian,  and  is  shown  to  be  the 
result  of  local  change  in  some  bedded  sediments  probably  later 
than  the  Laurentian  —  a  change  that,  beginning  with  a  partial 
crystallization  of  the  beds  in  situ  by  which  fine  grained,  red- 
weathering  syenite,  not  distinctly  individualized  as  to  its  min- 
eral constituents,  was  produced,  and  continued,  under  the  action 
of  the  same  dynamic  forces,  whatever  they  are,  till  a  perfect 
fusion  andsubsequent  extrusionand  re -crystallization  of  the  same 
matter  were  enacted.  This  wiis  discussed  and  roughly  illus- 
trated on  pp.  347  and  349.  Some  of  the  distinct  observations  are 
recorded  on  pp.  352  and  353.  The  cause  of  this  fusion  of  the  sedi- 
mentaries  was  supposed  to  be  the  great  erui)tive  epoch  of  the 
gabbro;  and  this  red  syenite  is  made  the  parallel  of  the  *^red 
rock''  of  the  earlier  reports,  the  red  quartz  porphyry  and  the 
"palisade  rock"  of  the  lake  Superior  shore.  The  gabbro  is  not 
present,  however,  in  all  pliices  where  this  fusion  has  resulted  in 
extrusion  of  the  acid  molten  rock,  although  it  is  nearly  adjacent, 
or  actually  overlies  the  acid  rock  in  many  places.  In  the  report 
this  change  in  the  ancient  sediments  is  attributed  to  the  contact 
of  the  molten  gabbro  on  them,  but  there  may  be  and  probably 
are,  many  places  where  the  extruded  acid  rock  came  from  s^ome 
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greater  depth.  thou;;h  yet  \nthin  the  super-crust,  and  its  liision 
and  extru.siou  mav  not  b»'  attriimteil  to  immediate  effect  of  con- 
tactiii^  gabbro.  but  niu>t  l>e  supposed  to  Ijc  only  a  part  of  a  wide- 
spread and  deep  seated  metamorphic  action  that  affected  the 
region  and  culminated  in  f-xtruded  molten  rock  only  along  tho$e 
line>  when.-  the  dvnamif  ai.iifni  wits  mo<t  intense.  Such  a  lint-  of 
intens4'  activity  seems  to  Ih'  marked  bv  the  location  of  the  uar- 
row  ridge  known  a.s  the  Giant'>  range,  at  lea.st  south  and  south- 
westward  from  Birch  lake. 

The  sijcfe^ith  reports  18S7. 

The  results  of  systematic  stratigraphy  contained  in  the  six- 
tei*nth  report,  while  varying  somewhat  from  those  of  the  fifteenth, 
in  the  main  are  concordant  therewith.  They  were  drawn  from 
a  special  reconnoissance  of  the  region  of  the  typical  Huro- 
nian,  north  of  lake  Huron,  and  a  comparison  of  the  results  of 
that  reconnoissance  with  a  re-examination  of  the  so-called  Hnro- 
nian  of  the  Marquette  and  Gogebic  iron  regions  of  Michigan, 
united  with  previous  knowledge  of  the  region  of  northeastern 
Minnesota.  In  some  of  these  results  my  brother  and  myself  are 
not  quite  in  concord,  but  these  differencres  appertain  solely  to  the 
possible  parallelisms  of  some  Michigan  and  Wisconsin  formations 
with  some  in  northern  Minnesota,  and  on  making  further  field 
examinations  and  research  into  the  comparative  lithology  they 
may  disappear  entirely.  In  the  following  summary  only  those 
systematic  results  that  are  in  harmony  with  the  writer's  convic- 
tions are  stated,  with  some  foot-notes  that  call  attention  to 
interpretations  that  are  entertaineil  by  my  brother. 

The  name  Huronian,  if  used  at  all,  should  be  applied  only  to 
the  strata  that  were  first  included  under  the  term  when  it  was 
introduced  and  defined,  and  to  their  stratigraphic  equivalents  in 
other  parts  of  the  countr}\  The  English  geologists  do  not  recog- 
nize the  formation  in  the  British  Isles,  but  include  the  strata 
that  are  presumably  included  under  this  term  by  the  Canadian 
geologists,  in  the  term  Lower  Cambrian,  which  embraces  the 
Primordial  fauna.  The  definition  of  the  Huronian  which  has 
been  accepted  is  that  of  Logan,  ba^d  mainly  on  the  observations 
of  Murray  in  the  i-egion  north  of  lake  Huron,  republished  in 
the  "Geology  of  Canada/'  1863.*    With  this  understanding  the 

*Il  it  well  knon-D  that  tht'  f'anadian  geologist^  hare  later  extended  the  term  videly  be- 
yond itatTplcal  ri^ion,  and  ampliiii^l  ita  aignificance,  s«i  a&  to  make  it  coTer  all  theachisU  down 
Co  the  gneiasea  of  the  I^ur«ntian.  Recently,  however,  Dr.  A.  C.  Lawson  hu  aeparaied  tbcee 
■ehista  from  the  proper  Hurouian,  aud  ha.H  designated  a  part  of  them  Keewatln.  **  Report  oa 
tlie  leology  of  the  lake  of  the  Woods  region."    An.  Kep.  18S.>,  Can.  Sur. 
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sixteenth  report  shows  an  effort  to  trace  the  original  Huronian 
formation  through  Michigan  and  Wisconsin  to  Minnesota,  and 
to  ascertain  the  Minnesota  equivalents  of  some  of  the  minor 
divisions  of  the  crystalline  rocks  older  than  the  Huronian. 

The  Huronian,  in  its  typical  locality,  embraces  three  principal 
members. 

1.  Bed  and  white  quartzyte,  granular  and  sometimes  con- 
.^lomeritic. 

2.  Slate  and  gray  quartzyte,  sometimes  conglomeritic,  mak- 
:ing  a  eonglomeritic  slate,  or  ''slate  conglomerate." 

3.  Very  fine-grained  gray  or  white  quartzyte. 

These  are  fragmental,  and  show  every  character  that  is  known 
4k>   indicate  sedimentary  origin.    The  formation  embraces  no 
xnica-homblendic  schists,  no  sericitic  schists,  no  typical  gray- 
"wackee,  no  gneiss  or  gneissic  rock.   The  beds  dip  with  uniformity 
"toward  the  south,  are  cut  by  doleritic  intrusions  and  are  over- 
lain by  the  products  of  such  eruption.    They  lie  unconformably 
-on  a  ''gneiss"  which  is  admitted  to  belong  to  the  Laurentian, 
from  which  the  formation  received  many  and  conspicuous  boul- 
ders.   The  thickness  of  the  formation  may  be  as  great  as  ten 
thousand  feet.    There  is  considerable  evidence  to  show  that  the 
upper  quartzyte  lies  unconformably  on  the  slates  and  slaty  con- 
glomerate, although  there  was  no  actual  observation  of  such  a 
relation.    The  formation  also  embraces  red  felsytes  and  some 
^ray  gabbro. 

Broadly  parallelized  this  is  recognized  at  once  as  the  Animike 
of  Minnesota,  embracing  in  that  term  the  gabbro  and  ''red 
rock"  Mesabi,  the  Pewabic  quartzyte,*  the  black  slates  and 
gOkj  quartzytes  and  the  Ogishke  conglomerate.  At  the  same 
time  the  upper  quartzyte  is  provisionally  parallelized  with  the 
true  New  York  Potsdam  sandstone  quartzyte.**  This  quartzyte 
with  its  Potsdam  characters,  including  a  primordial  fauna,  is 
found  to  exhibit  characteristic  outcrops  in  Barron  county,  Wis- 
oonsin,  southern  Minnesota,  southeastern  Dakota  as  well  as  in 
New  York,  and  in  Vermont  where  it  early  received  the  designa- 
tion "granular  quartz." 

Subsequently  this  unconformable  quartzyte  was  traced  through 
the  Marquette  iron  region  of  Michigan,  and  its  unconformity  on 
the  iron-bearing  rocks  was  observed  and  figured  at  two  points. 
The  iron-ore  rocks  of  the  region  of  Marquette  are,  in  the  16th 

-*  For  a  deMription  of  the  Pewabic  quartzyte  boij  p.  86, 16th  report. 

**  Compare  "A  great  primordial  quartzyte."   American  Geologist,  March,  1888. 
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report',  made  the  panillel  of  those  of  Vermilion  lake  in  Minne^ 
sota,  and  hence  a  part  of  the  Keewatin  which  underlies  nnoon- 
formably  the  Hiironian.  The  dioritic  group  and  the  gold-beariog 
serpentine  group  of  Dr.  C,  Rominger  are,  together,  made  the 
equivalent  of  the  sericitic  series(i.e.,  the  Keewatin}of  Minnesota, 
embnicing  in  that  the  schists  that  hold  the  jaspilyte  at  Tower, 
the  conglomerate  of  Stuntz  island,  the  Kawasachong  rock,  the 
green  conglomerates  'at  Ely,  the  lower  portion  of^the  great  con- 
glomerate at  Ogishke  Muncie  lake,"*^  the  dolomyt«  at  Ogishke 
Muncie  lake,  and  the  '^greenstone  belt,'-  in  general,  of  the  map 
accompanying  the  loth  report.  This  series  of  rocks  is  not 
found  in  the  area  of  the  original  Huronian. 

The  iron-bearing  rocks  of  the  Penokee-Gogebic  range  of  Michi- 
gan and  Wisconsin,  however,  are  not  considered  to  be  in  the  same 
formation  Jis  those  at  Vermilion  lake.  They  are  made  to  be  the 
equivalent  of  the  slates  and  iron-bearing  rocks  of  the  Animike 
of  Minnesota,  and  henc43  of  the  true  Huronian.  The  evidence  of 
this  need  not  be  repeated  at  this  place,  although  it  is  not  expressed 
fully  in  the  report  here  summarized.  It  will  be  given  more  folly 
in  a  later  chapter  in  this  report,  t 

An  important  point  was  reached,  in  the  16th  report  (pp.  9*- 
98),  in  the  separation  of  the  Ogishke  conglomerate  from  the 
greenstone  agglomerate  on  which  in  some  places  it  must  lie 
unconformabl}'.  They  seem  to  have  both  been  afifected  by  the 
gal>bro  epoch  of  disturbance,  and  the  gabbro  wjis  found  in  dif- 
ferent localities  to  lie  on  the  gently  inclined  strata  of  one  and 
the  nearly  vertical  strata  of  the  other. 

Facts  confirmatory  of  the  origination  of  crystalline  acid  erup- 
tive rock,  both  in  situ  and  in  form  of  overflow,  from  fragmental 
strata,  as  before  n^ported  in  the  16th  report,  are  given  again  on 
PI).  104-108  in  the  IGth.  These  fragmental  strata  seem  to  be 
some  part  of  the  Keewatin,  and  were  originally  conglomeritic. 

Bearing  on  the  (luestion  of  the  age  of  the  gabbro-red-rock 
tlood,  which  is  taken  by  the  Wisconsin  geologists  to  be  the  base 
of  tlu?  Kewenawan,  or  Cupriferous,  of  the  lake  Superior  re^fion, 
some  facts  wore  reported  in  the  IHth  report  (pp.  85,  87,  88)  whidi 
show  that  the  gabbro  began  to  be  extruded  during  the  deposition 
of  the  great  qnart/yte  which  overlies  the  Animike,  and  that  the 
great  mass  ol'  the  gabbro  is  of  not  much  later  date,  i.  e.,  of  the  age 

*  My  linitlitT.liowever,  roiranU  the  Kivwatiu  schists  as  I»earinj5  no  rvlation  to  the SerpentiK 
grouii  i»f  lioiuiiuer.    Stn-  p.  34;*.. 

t  On  llii'otluThuiul  uiy  limtluir  i?  disposHtl  to  r^jjanl  the  Gogebic  ore-bearing  rock»i»h«''f 
about  the^nmt■  horizon  -.i-i  t}|i>><c'  at  Marqin-ttt',  which  he  Uoea  ui»t  admit  within  the  HuroDiao; (pf* 
188  and  104).    The  Punokee  rtH-k"*,  howt^-ver,  hi;  would  make  Hui\«nian. 
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of  the  primordial  quartzyte  of  the  Northwest  which  is  considered 
to  be  of  the  age  of  the  Potsdam  of  Xew  York  and  the  "Granular 
Qaartz  "  of  the  Taconic. 

2.      THE  VARIOUS  STEPS  OF  PROGRESS. 

If  we  revert  now  to  the  list  of  problems  that  were  unsolved 
touching  the  crystalline  rocks  of  the  state  in  1872,  when  this  in- 
vestigation began,  we  shall  see  that,  by  the  aid  of  the  geologists 
of  Wisconsin  and  Michigan,  great  advance  hjis  been  made  in 
settling  some  of  the  questions  then  pending. 

1.  The  uncertainty  respecting  the  possibility  of  making  a 
stratigraphical  subdivision  of  the  "Azoic ''  of  Foster  and  Whit- 
ney, or  the  "  Archtean"  of  J.  D.  Dana,  exists  no  longer.  There 
is  a  more  or  less  extended  subdivision,  sometimes  into  only  two 
parts  but  more  frequently  into  three  or  more,  which  is  accei>ted 
not  only  by  the  geologists  of  the  Northwest  but  by  geologists 
who  are  at  work  on  this  group  of  rocks  throughout  America  and 
Europe.  So  far  as  Minnesota  is  concerned  this  subdivision  can 
be  carried  still  further,  and  six  members  of  the  "Azoic"  (if  the 
Huronian  be  included  in  it)  can  be  described  which  maintain  a 
constancy  of  character  and  stratigraphic  position  extending  into 
Wisconsin,  Michigan  and  Canada,  such  that  they  have  to  have 
individual  description. 

2.  The  terms  Huronian  and  Laurentian  were  applied  to  two  of 
these  parts  by  the  Canadian  geologists.  Though  misunderstood, 
by  reason  of  the  contradictory  and  varied  definitions  that  have 
been  given  these  terms  by  geologists  later  than  the  descriptions 
of  Murray  and  Logan,  when  they  are  compared  with  the  typical 
regions  in  Canada  they  are  found  to  have  definite  and  easily 
recognizable  application  to  stratigraphical  horizons  which  are 
extended  over  the  whole  Northwest,  if  not  over  the  world. 

The  Huronian  formation  is  satisfactorily  established  as  the 
equivalent  of  the  Lower  Cambrian  of  Sedgwick.  This  con- 
closion  is  not  wrought  out  in  any  of  the  annual  reports  of  the 
Minnesota  survey.  It  is  an  inference,  however,  from  two  other 
&cts  which  have  been  indicated  in  the  foregoing  synopsis  of  the 
Minnesota  annual  reports,  and  it  has  been  urged  elsewhere  by 
the  writer.  These  two  facts  when  united  constitute  a  demon 
stration  as  incontestable  as  any  mathematical  formula,  viz.: 

The  Lower  Cambrian  is  equal  to  the  Taconic, 

The  Huronian  is  equal  to  the  Taconic, 

ergo 

The  Lower  Cambrian  is  equal  to  the  Huronian. 
Vol.  Ill— 4. 
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We  shall  not  stop  here  to  bring  forward  anew  the  evidences 
ou  which  these  premises  are  based,  but  will  proceed  to  mention 
other  advances  that  have  been  made  since  1872  in  a  knowledge 
of  the  crystalline  rocks  of  the  Northwest.'^' 

4.  The  forejjToing  conclusion  involves  premises  which  them- 
selves were  doubtful  in  1872,  and  which,  in  the  opinion  of  the 
writer,  are  sufficiently  established  to  be  admitted  as  truths.  The 
first  is,  that  the  Huronian  of  the  Canadian  geologists  is  the  same 
formation  which  was  named  Taconic  by  Dr.  Emmons  of  the  New 
York  geological  survey.  It  makes  no  difference  except  in  the 
greater  difficulty  involved  in  making  this  fact  appear  to  the  sat- 
isfaction of  geologists,  how  long  and  how  honestly  the  Huronian 
has  been  sustained  by  competent  geologists,  nor  how  long  the 
Taconic  has  been  as  honestly  ignored  by  the  majority  of  opinion; 
if  these  names  were  actually  applied  to  the  same  formation,  the 
sooner  it  be  acknowledged  by  American  geologists  and  the 
proper  adjustment  be  made  in  nomenclature,  the  better  it  will 
be  for  American  geology  and  the  credit  of  American  geologists. 

5.  The  other  doubtful  premise  involved  in  the  conclusion  (3) 
above  mentioned,  can  be  considered  doubtful  no  longer,  viz.: 
The  Lower  Cambrian  is  the  equivalent  of  the  Taconic.  There 
are  some  who  bring  trifling  objections  to  the  actuality  of  the 
Taconic  at  the  horizon  of  the  Lower  Cambrian,  but  the  evidence 
is  so  strong  and  is  based  on  so  large  a  mass  of  concurrent  fact 
and  testimony  that  it  is  practically  demonstrated. 

6.  The  Animike  rocks  having  been  shown,  first  by  Prof.  R 
D.  Irving,  and  subsequently  by  the  Minnesota  survey,  to  be  the 


*  On  the  identltj  of  the  flower  CaDibrlau  vith  the  Tioonio,  see  the  wrlter'tpapen: 

Notes  on  classification  and  nomenclature.    Amer.  NaiuraHtt^  August,  1887. 

Some  objections  to  the  term  Taconic  considered.    Amer.  GfdoffUl^  March,  1888. 

A  great  primordial  quartzyte.    Anur.  O^o/ojirM,  March,  1888. 

Beport  of  the  American  sub-committee  on  the  Lower  Paleosoic,  to  the  London  InteniBtioiial 
Congress  of  (jeologists.    Amer.  Oeologisi^  .September,  1888;  also  the  report  of  the  Congren. 

The  same  Tiew  has  long  been  held  by  Jules  Marcou,  J.  Barrande,  and  bj  Dr.  E.  Emmoni,  and 
bj  other  geologists  later.  Compare  S.  A.  Miller.  The  Taconic  system  as  established  by  Emmooi 
and  the  laws  of  nomenclature  applicable  to  it.  Amer.  Geotogitt^  April,  1888.  Alio  A.  Winohell. 
The  Taconic  question.  Amer.  Otologist,  June,  188S.  C.  D.  Walcott.  Bulletin  No,  SO,  U,  S.  GtoL 
Surrey^  and  Amer.  Jour.  ScL^  March,  April  and  May,  1888.  Mr.  Aiaroou^i  principal  paper*  an: 
The  Taconic  system,  and  its  {position  in  stratigraphic  geology.  Proc.  Am.  Acad,  Arts  and  Sei,, 
Vol.  XI L,  1884.    American  geological  classification  and  uomonclature.  May.  1888. 

On  the  identity  of  the  Iluronian  with  the  Taconic :  see,  The  crystalline  roeks  of  the  North- 
west, N.  II.  Winchell,  Tice^presideutlal  address,  A.  A.  A.S.,  1884.   At  a  much  earlier  date  the  lame 
▼iow  was  held  by  E.  Emmons,  and  by  J.  IMarcou.    It  has  also  been  stated  by  A.  Winchell  in  the 
.16th  report,  p.  170. 
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•eqaivalent  of  the  original  Hnronian,  it  follows  that  they  are 
tdso  the  equivalent  of  the  Tacouie  and  of  the  Lower  Cambrian, 
and  belong  within  the  primordial  zone  of  Barrande,  although 
the  distinctive  fauna  of  the  x)rimordial  has  not  yet  been  found  in 
the  typical  Animike  region. 

7.  The  Laurentian  rocks,  of  the  Canadian  geologists,  are 
divisible  into  three  parts,  having  different  genesis  and  age.  This 
fact  has  not  been  recognized,  so  far  as  the  writer  is  aware, 
except  by  the  Minnesota  survey.  These  three  classes  of  Lauren- 
tian (because  they  have  all  been  so  styled  by  the  Canadian  geolo- 
gists) have  been  separately  recognized  by  different  geologists, 
both  Canadian  and  American,  and  conflicting  inferences  have 
been  drawn  from  them,  which  have  tended  to  unsettle  the  whole 
foundation  on  which  the  Laurentian  rests.  Some  have  seen 
valid  reasons  for  supposing  the  Laurentian  older  than  the  ^*Hu- 
ronian"  and  conformable  with  it,  and  have  given  the  details  of 
the  &ets  which  show  it.  But  others  have  seen  another  class  of 
•evidence,  equally  valid,  that  tends  to  make  the  ^^ Laurentian'* 
rocks  of  eruptive  origin  and  more  recent  than  the  Huronian. 
And  again  some  similar  syenitic  rocks  have  been  described  by 
the  Minnesota  survey*  mingled  in  great  masses  and  areas  with 
the  Mesabi  gabbro.  These  three  classes  have  been  observed  and 
•described  in  Minnesota,  as  rehearsed  in  the  foregoing  synopsis  of 
the  Minnesota  work.  It  is  believed  that  these  distinctions  are 
fdndamental,  and  that  they  extend  throughout  the  Northwest, 
4Uid  that  when  they  are  recognized  generally  by  observers  many 
•of  the  apparent  discrepances  that  have  been  noted  respecting  the 
Laurentian  will  disappear. 

8.  The  Laurentian,  then,  is  easily  divisible  into  three  parts, 
bat  it  would  not  be  claimed,  probably,  by  any  one,  that  the  same 
^stratigraphic  term  should  be  applied  to  them,  and  the  question 
may  furly  be  considered  to  which  of  them  does  it  belong. 

Besides  the  subdivision  of  the  '' Laurentian"  into  three  parts, 
as  above  noted,  a  different  separation  has  been  recognized  by 
some,  viz. :  into  gneiss  and  crystalline  schists,  on  the  assumption 
that  the  original  Laurentian  contained  such  schists.  This  is  a 
necessary  and  valid  subdivision,  from  that  point  of  view,  and 
was  adopted  by  Prof.  E.  D.  Irving.  It  is  also  approved  by  my 
brother,  A.  Winchell,  in  the  16th  report. 

9.  The  ''Laurentian"  is  therefore  partly  the  result  of  change 


*It  teeini  Teiy  likclj  that  this  so-called  I^uroiitiun  has  also  been  desicribed  in  Canada  in  the 
A^ont  where  the  eruptlTe  gabhro  id  found. 
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in  situ  from  old  Sfdinifutary  strata  of  LaureDtian  age,  and  partly 
the  result  of  eruptive  forces  whirh  have  caused  an  extmsionand 
partial  overtiow  «»ver  later  seilimentary  strata  of  some  of  the 
fuse^l  material  of  tlii.*  >aiii«.-  old  strata.  Such  extrusion  has  taken 
plat-  at  least  at  two  •.•pi»ch>,  and  the  liter  one  is  of  the  age  of  the 
gaM'io  aii«l  may  have  iii»t  risen  from  so  great  a  depth  as  the 
former. 

10.  F«»r  reas«.^ns  which  have  l^et-n  mentioned  elsewhere^  it 
appt-ars  that  by  hydr«»-thermal  fusion  the  deep-seated  sediments 
of  the  super-crust  iK-eame  crystalline :  also  that  the  normal  super- 
crust  is  necessi\rily  acidic:  also  that  any  eruption  from  the  fused 
p<»rtions  of  the  super-crust  would  not  only  province  an  acid  erup- 
tive rock  when  c»xiled.  but  that  in  the  later  historj'  of  the  earth 
Cretaceous  an«l  Tertiary  sueh  acid  extruMons  could  rarely  if 
ever  reach  the  surface  of  the  earth,  bur  would  form  laooolites 
amongst  the  strata  overlying  the  zone  of  complete  tiuidity. 

S.    The  RKsiLTS  ^f  the  investigatiox  so  far  as  they 

APPEAR    AT    PRESENT. 

If  ih^-se  Steps  of  pn»grr><  be  applies!  specifically  to  the  crys- 
talline rocks  of  the  state,  wc-  shall  find  some  such  historv  as  the 

m 

following  delineated  therein  with  greater  or  less  ilistinetness. 

J/i*  I.*mrtn:io*i  *t'j*. 

The  name  Laurentiau  i>  applied  here  es>entially  to  the  "funda- 
mental gneiss.-'  It  d'».s  not  go  so  lar  back  as  to  include  the  first 
rigiil  primeval  crust  that  furmed  from  cooling  nor  so  far  subse- 
quent to  it  as  t'>  embrace  any  noteworthy  strata  of  basic  minerals 
that  might  indicate  a  formation  diiYeient  in  nature,  or  manner 
of  genesis  from  the  gneis-^.  In  other  words  it  does  not  inclnde 
the  '•  crystalline  schists."  The  rock  is  essentially  gneiss,  either 
granitic  or  syenitic.  It  r^-sulted  from  the  fusion  and  recrystalli- 
zation  t>f  the  earliest  >ediments.  It  occupied  a  long  period,  and 
one  that  niu>t  have  been  marked  by  profound  quiet,  and  by  uni- 
form e'>iulit:oiis.  Th^'  <iliOt'*.Mis  accumulations  that  were  the 
proiUici  oi  oeeanic  w^vr-s  and  bt-achrs.  began  in  the  shoal  ^larts 
of  thf  oc»^an  and  wirifn»:'d  ;is  thf  ilry  land  iucre;ised  in  are;i,  form- 
ing the  uiitlei  I'f  thr  continents.  These  seiiimeuts  mast  have 
lieen  s;licc'.-;is,  bocau>e  such  oniv  would  remain  undissolved  bv 
the  hot  and  finallv  alkaline  w;it<r<  of  the  ocean.     When  thev 


"•.vr..jir«  •>::.>  :;     ..--j    u  i:^p:  t*  r.  .£•  ■  .-  *:.-..a  Kf-rer-oe  toihOKof  MinD^ou." 
N.  H.  W:l:i-.  .  a   .»   A.  >..  :?-?. 
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i  accamnlated  to  a  great  thickness  they  were  buried  under 
iments  of  another  kind,  those  of  the  ^'crystalline  schists," 
rking  the  opening  of  another  epoch  in  geological  time, 
lerever  they  had  been  raised  above  the  level  of  the  ocean 
y  constituted  the  only  land  areas  that  existed,  and  perhaps 
this  day  those  areas,  or  some  of  them,  have  not  again  been 
)merged. 

IHstributian  of  the  Txiurentian  in  Minnesota.  A  large  part  of 
nnesota  is  occupied  by  this  fundamental  gneiss.  It  is  not  to 
supposed  that  all  the  area  now  occupied  at  the  surface  by 
Is  gneiss,  was  onginally  the  land  area  of  the  state  at  the  time 
the  close  of  the  Laurentian  age.  The  lapse  of  time  has 
ought  the  earth  through  many  vicissitudes.  The  original  area 
the  Laurentian  has  been  increased  at  the  surface  by  the  growth 
the  continent  which  has  steadily  expanded  and  risen  higher 
ove  the  oceau' s  level.  As  the  later  strata  have  successively 
en  elevated  to  dry  land  they  have  been  subjected  to  such 
structive  action,  first  of  the  ocean's  beach-line,  and  afterward 
the  agency  of  the  atmosphere,  that  they  have  been  worn  back 
d  have  uncovered  the  gneiss  over  extensive  areas  where  it  was 
first  hid. 

[n  Minnesota  this  gneiss  must  have  extended  diagonally  across 
estate  from  N.  E.  to  S.  W.,  crossing  the  Mississippi  river 
d  occupying  the  region  of  its  headwaters  about  Itasca  lake, 
d  induding  the  region  of  the  upper  waters  of  the  Minnesota 
rer.  There  may  be  spots,  or  considerable  areas,  within  this 
iginal  gneissic  belt,  where  by  subsequent  deep-seated  hydro- 
ermal  fusion  these  primitive  Laurentian  sediments  have  been 
ndered  plastic  and  then  fluid,  and  have  by  pressure  been  ex- 
Qded  through  fissures  in  the  crust  to  the  surface,  or  have  been 
loovered  as  laccolites  by  the  destruction  of  the  overlying  strata; 
It  wherever  these  exist  they  are  presumed  to  show  their  later 
igin  by  their  non-gneissic  structure,  or  by  their  overlying  some 
fcer  sedimentary  strata.  The  distinction,  however,  between 
«e  eruptive  condition  of  the  fused  Laurentian  sediments,  and 
.6  primitive  sediments  that  have  been  converted  in  situ  into  the 
ndamental  gneiss  is  one  that  requires  more  study  before  it  can 
»  defined.  That  both  conditions  exist  there  is  no  question ; 
at  they  can  always  be  distinguished  is  not  to  be  affirmed. 
This  Laurentian  gneiss  is  represented  by  the  Basswood  lake 
d  perhaps  the  Saganaga  lake  granites,  and  probably  by  the 
eisBeB  that  are  found  in  the  Minnesota  valley  from  near  Morton 


30  SEVENTEENTH  ANNUAL  REPORT 

northwest  to  Big  Stone  lake.  Northwestwardly  from  the  Bass- 
wood  area  are  others  of  similar  gneiss,  which  have  their  exten- 
sion northeast  and  sonthwest,  nearly  parallel  with  the  extension 
of  the  other  areas.  Indeed  the  geographic  distribation,  no  less 
than  the  geological  facts  that  are  observed  in  the  field,  favors 
the  supposition  that  these  alternating  gneissic  belts  in  the  north- 
western part  of  the  state  show  either  simply  the  dennded  cresta 
of  stratigraphic  anticlinals  or  of  upward  swells  of  the  iso-hydro- 
thermal  fusion  that  has  affected  the  ancient  Laurentian  sedi- 
ments. This  question  is  one  that  requires  further  investigation. 
It  is  referred  to  again  under  the  head  ^'Problems  still  un- 
solved." 

Eruptive  Syenite.  Closely  associated  with  these  belts  of  ftinda- 
mental  gneiss  are  areas  of  massive  eruptive  syenite.  It  is  a  for- 
tunate circumstance  that  the  apex  of  one  of  the  anticlinals  of  the 
gneiss  runs  near  the  present  natural  surfiEtce,  and  its  manner  of 
transition  from  sedimentary  to  crystalline  rock  can  be  observed. 
It  would  be  more  consistent  with  the  tilted,  even  vertical,  por- 
tion of  the  beds  at  the  points  where  this  transition  has  been 
observed,  to  suppose  the  change  was  due  to  the  varying  depths  at 
which  planes  of  equal  hydro-thermal  fusion  ran  below  the  sur- 
fiaoe  at  the  time  it  took  place,  than  to  suppose  it  is  due  to  an 
actual  undulation  in  sue>cessive  anticlinals  of  the  same  strati- 
graphic  horizon.  This  favorable  apex  for  observing  the  genesis 
of  gneiss  is  in  the  line  of  the  gneissic  belt  that  runs  soDthwest- 
ward  from  the  west  end  of  Gunflint  lake,  and  which  apparently 
is  continued  in  the  form  of  erupted  syenite  in  the  Giant's  range 
southwestward  from  Birch  lake.  It  was  observed  particularly 
on  the  Kawishiwi  river  (15th  report,  p.  353)  and  about  thesoutlk 
shore  of  lake  Kekekebic  (15th  report,  p.  367;  16th  report,  p. 
103-107).  Whether  that  part  of  this  gneissic  belt  which  is 
referable  directly  to  a  change  in  situ  in  sedimentary  materials  be 
of  the  same  age,  i.  e.,  on  the  same  stratigraphic  horizon  within 
those  sediments,  as  others  that  exist  further  northwest  or  not, 
they  are  here  considered  to  belong  to  the  Laurentian  age  in  sO' 
far  as  they  have  not  been  entirely  fused  and  extruded  in  a  liquid 
state  so  as  to  form  erupted  rock. 

It  has  already  been  remarked  that  the  erupted  massive  form 
of  the  acid  Laurentian  is  closely  associated  geographically  with 
the  gneissic.  Whether  they  were  of  contemporaneous  origin  i» 
not  certain.  But  that  the  erupted  condition  was  in  some  cases^ 
produced  subsequent  to  the  age  of  the  ''crystalline  schists"  » 
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evident  from  the  fskct  that  8nch  rook  replaces  and  cuts  those 
schists.    This  fact  has  been  recorded  many  times.    One  of  the 
most  remarkable  replacements  of  the  dark  schists  by  the  bodily 
transference  of  syenite  is  seen  north  of  Gunflint  lake,  and  is 
described  and  mapped  by  Mr.  Grant  in  this  (17th)  report.   That 
some  other  areas  of  syenite  were  of  considerably  later  date,  pos- 
sibly so  late  as  to  have  flowed  over  the  Keewatin  (greenish,  or 
liydro-mica)  schists  is  indicated  by  observations  made  by  H.  Y. 
'Winchell  along  the  Giant's  range  southwest  from  Birch  lake,  and 
"by  myself  on  the  shores  of  Kekekebiclake,  where  a  conglomerate 
X>orphyroidal  rock  passes  into  gneiss,  and  directly  overlies  some 
Keewatin  schists.    That  other  of  the  erupted  syenites  of  the  state 
are  as  late  as  the  gabbro,  and  hence  overlie  the  Animike,  is 
shown  not  only  by  the  syenites  associated  in  mutually  inter- 
laolten  sheets  with  the  eruptive  gabbro  that  overlie  the  Ani- 
mike, but  also  by  the  observations  made  at  the  Aurora  mine  in 
Michigan  (16th  report,  pp.  58  and  187).    This  is  indicated  also 
by  the  observations  and  conclusions  of  Maj.  T.  B.  Brooks  and  by 
Dr.  G.  Bominger  in  respect  to  the  age  of  some  of  the  granite  rocks 
of  Michigan.* 

The  age  of  the  Vermilian  scJiigts,  or  "  crystalline  schists.^ ^ 

It  has  been  remarked  f  that  the  mineralogical  difference  be- 
between  the  gneisses  and  the  dark  '^crystalline  schists"  is  so 
great  that  it  is  allowable  to  attribute  to  the  latter  a  different 
method  of  genesis,  one  sufficiently  distinct  to  have  introduced  a 
different  geological  time  or  age.  This  fact  was  recognized  in 
1886,  and  the  rocks  that  mark  the  opening  and  continuance  of 
this  new  epoch  of  time  were  separated  under  the  name  '^  Ver- 
milion group."  A  similar  series  of  schists  had  been  noted  by 
Lawson  in  the  region  of  the  Lake  of  the  Woods  in  1885,  :|:  but, 
while  separated  by  him  into  two  parts,  viz.,  ^^  Schistose  horn- 
blende rocks,"  and  ''mica  schists,"  had  been  by  him  embraced 
under  the  general  term  of  "Keewatin  series,"  and  considered  as 
the  basal  part  of  that  series,  and  assigned  to  extra-Laurentian 
time.    Subsequently  Mr.  Lawson  identified  the  mica-schist  group 


*T.  B.  Brookt,  on  the  youngtnt  Huronlan  rocks  south  of  lake  Superior.    Am.  Jour.  Sci.  (3), 
zi,206. 
Carl  Bominger.    Qtologieal  Survey  of  Michigan^  Vol.  lY,  )>.  22. 

t  A.  WlnchelL 

X  Report  on  the  geology  of  the  Lake  of  the  Woods  region.     Report  C.  C.  of  the  Canadian  sur* 
TCJ,  2885,  pp.  87, 64i 
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and  the  basal  portions  of  it  (the  hornblendic  schists  and  Qm 
eruptive  features  that  characterize  the  horizon)  in  the  Tegun 
of  Eainy  lake,  and  has  given  a  description  and  a  name  for  tke 
mica  schists.  (Am.  Jour.  iScL  June,  1887,  p.  473).  He  indndM 
the  mica  schists  under  the  term  Coutchkhing^  and  supposes  ihfl 
changed  eruptive  rocks  which  intervene  geographically  betveei 
them  and  the  belt  of  Laureutian  gneiss  lying  next  north  (alonf 
the  northern  shores  of  the  southern  part  of  Bainy  lake)  to  beef 
later  date  than  the  schists. 

A  similar  group  of  mica  and  hornblendic  schists  had  bea 
noted  in  Michigan  by  Brooks  and  in  Wisconsin  by  Irving  ul 
been  placed  in  the  Laureutian.  Gominger  included  the  sameii 
his  ** granitic  group-'  (Geol.  Mich.  Vol.  IV,  p.  17-18).  High 
in  the  stratigraphic  series,  i.  e.,  between  the  magnesian  aoft 
schists  and  the  gneiss  and  gabbro  of  the  post-Huronian  rocka.* 
another  formation  of  mica  schist  was  observed  by  them,  whidi 
they  placed  near  the  summit  of  the  **Huronian."  Theygsve 
neither  of  these  any  special  designation.  In  New  Hampdiin 
the  '^Montalban  series'-  is  one  essentially  of  mica  schists,  botf 
whether  it  can  be  parallelized  with  either  of  the  northwesten 
horizons  of  mica  schist  is  a  question  which  the  future  alone  wiD 
be  able  to  answer. 

Hornblende  schists  converted  to  mica  schists.  To  the  writer,  how- 
ever, the  micaceous  and  the  hornblendic  characters  seem  to  be 
so  blended,  and  the  one  so  frequently  substituted  for  the  other, 
that  the  two  parts  described  by  Mr.  Lawson  appear  to  be  only 
phases  of  the  same  set  of  rocks.  The  hornblendic  condition,  tf 
schists,  is  without  doubt  the  fundamental  and  primary  one;  and 
that  one  is  found  nearest  the  gneiss  of  the  Laureutian.  Hon-  ' 
blende  is  easily  converted  into  biotite;  biotite  has  so  close  relir  ; 
tions  with  muscovite  that  it  is  sometimes  twinned  with  it  in  the  \ 
same  crystal ;  muscovite  is  replaced  both  across  the  bedding  and  , 
along  the  strike  by  hydro-mica  or  pearl-glimmer,  and  the  W  j 
passes  insensibly  into  the  talcoid  '*Keewatin  stuff"  J  of  theKec-  j 
wjitin  series.  There  is  a  conformable  succession,  both  genefcieo- 
mineralojijieal  and  stratigraphieal,  from  the  hornblende  schW 
through  the  mica  schist  into  the  hydro-mica  schist,  by  whid 
these  are  bound   fundamentally  into  one  group,  as  placed  Ij 

■  Geology  of  Wisconsin,  Vol.  I  If,  1873-79,  pp.  t>3,  14.%  and  table  betve«o  page  fill"' 

»37. 

t  <ieo!rt::y  of  New  Ilanipshire.    C.  IT.  Hitchcock,  Vol.  II,  p.  112. 
:  A.  Winrh.-ll.    Sixteenth  reijort,  p.  343. 
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Lawson,  and  no  other  sort  of  transition  is  known  or  indieat-ed. 
On  the  other  hand,  bearing  in  mind  the  strong  mineralogieal 
break,  or  contrast,  between  the  gneiss  and  the  hornblende  rock, 
there  is  not  so  close  a  mineral  relationship  with  the  Laurentian. 
There  is  also,  in  some  places,  as  profound  a  stratigraphic  break 
and  non-agreement.  This  is  shown  in  numerous  descriptions 
and  illustrations  not  only  of  Mr.  Lawson,  but  also  by  the  15th 
and  16th  reports  of  the  Minnesota  survey.  Mr.  Lawson  empha- 
sizes this  fact  by  a  remarkable  inference,  viz.,  that  the  Lauren- 
tian  is  eruptive  and  of  later  date  than  the  Keewatiu  schists.  Not 
to  dwell  on  this  Inference  at  this  time  it  is  sufficient  to  call  at- 
tention to  it  to  show  the  probability  of  a  plane  of  profound 
discontinnity  between  the  Laurentian,  as  here  defined,  and  the 
Termilion  group.* 

Nature  of  the  transition  from  the  Laurentian  to  the  VemiUion. 
As  to  the  nature  of  the  dynamic  agent  which  introduced  this 
change  in  the  crystalline  rocks  at  this  horizon,  it  is  indicated  by 
the  nature  of  the  rocks  themselves.  Primarily  they  are  charac- 
terized by  the  minerals  that  constitute  a  basic  eruptive.  They 
are  found  to  exist  at  first  as  structureless  knobs  of  dioryte  or 
<loleryte.  These  lie  nearest  the  gneiss  (15th  report,  p.  330). 
They  are  flanked  by  basic  rocks  of  various  modifications,  among 
which  hornblende  schist  is  predominant.  Gradually,  on  reced- 
ing from  these  black  knobs,  a  sedimentary  structure  becomes 
4ipparent,  and  the  hornblende  is  replaced  partially  or  wholly  by 
|>lack  mica.  At  last  the  rock  is  changed  to  a  nicely  stratified 
mica  schist  which  at  first  is  perhaps  very  dark-colored  and  firm, 
urith  little  free  silica,  and  subsequently,  with  an  increase  of  sil- 
ica, is  striped  with  distinct  strata  of  granular  silica.  As  the 
dark  mica  still  further  fades  out  the  mass  is  converted  to  a  fine 
granulyte  or  quartzyte,  or  a  light-colored  mica  takes  its  place 
and  the  whole  passes  into  sericitic  schist  or  graywacke. 

It  is  not  always  the  case  that  all  evidence  of  molten  condition 
is  wanting  at  this  horizon  of  transition  from  the  gneiss.  But 
it  is  very  slight  at  most  of  the  sections  which  have  been  de- 
scribed.* If,  however,  but  a  single  unquestioned  occurrence  of 
emptive  conditions  be  found  at  this  point  it  is  sufficient  to  war- 
rant the  hyx>othetical  introduction  of  a  general  eruptive  epoch, 

•Compare,  A.  Wlnchell;  15th  Report,  pp.  41,  43,  87,  97,  180:  H.V.Winchell;  16th  Report,  pp. 
407,  41«.417, 419, 455, 4«6 :  N.  H.  Winchell ;  15th  lU?port,  pp.  291,  338,  349 ;  16th  Re|)ort,  pp.  7tJ-77: 
M.  E.  Wadsworth ;  10th  Report,  p.  831. 

•  Compare,  bovcrer,  Lawson,  Can.  Rvp.  1885.    C.  C.  p.  41 ;  Am.  Jour.  Skji.  June,  1887,  p.  477. 
VoL  III— 5. 
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SO  widespread  as  to  constitute  a  change  from  one  system  of  rocks 
to  another.  No  one  can  read  the  descriptions  given  by  Mr. 
Lawson,  or  some  of  those  contained  in  the  15th  and  16th  reports- 
of  the  Minnesota  survey,  without  recognizing  not  only  one  point 
but  numerous  points  where  eruptive  characters  are  stamped  at 
this  horizon  not  only  on  the  basic  rocks  of  the  Vermilion  but 
also  on  those  of  the  acidic  '^Laurentian.''  They  mutually  inter- 
penetrate each  other  in  the  form  of  transverse  dykes  and  mutu- 
ally embrace  isolated  fragments  separated  each  from  the  other. 
It  seems  to  be  abundantly  demonstrated  that  some  sort  of 
dynamic  change  was  introduced.  The  only  inference  that  such 
a  demonstration  points  to,  in  the  light  both  of  the  contrasted 
lithology  and  the  interrupted  stratigraphy,  is  that  of  volcanic- 
action. 

Having  now  fairly  stated  the  nature  of  the  change  which  is 
presumed  to  set  off  the  Vermilion  rocks  from  the  Laurentian,  it- 
is  necessary  to  consider,  further,  whether  the  gradual  and  con- 
formable conversion  of  the  Laurentian  beds  into  the  Vermiliont- 
such  as  has  been  seen  at  many  places,  and  which  indeed  is  the 
most  frequent  manner  of  transition,*  is  consistent  with  the 
hypothesis  of  an  epoch  of  eruption.  It  should  be  remembered 
that  the  beds  do  not  now  hold  the  position  they  had  when  they 
were  deposited.  They  stand  now  nearly  vertical.  While  this- 
upturniug  facilitates  the  deciphering  of  their  history,  it  has  been 
accompanied  by  such  changes  in  the  crystalline  condition  of  their 
elements  that  a  screen  that  partially  conceals  their  history  has- 
been  thrown  over  them  all;  yet  through  this  screen  can  be  seen 
the  outlines  of  their  historic  and  dynamic  genesis. 

Admitting  the  actuality  of  a  period  of  volcanic  action  at  the 
opening  of  the  Vermilion  age,  it  is  evident  that  the  eruptions 
would  take  place  only  at  centers  of  intensity  of  pressure.  Once 
located,  such  vents  would  for  longer  or  shorter  periods  continue 
to  send  forth  the  eruptive  matter.  In  the  presence  of  the  almost 
world-covering  ocean  these  materials  would  be  at  once  distri- 
buted, dissolved,  deposited,  in  the  same  manner  as  sediments  at 
the  present  day,  excepting  only  that  probably  the  solvent  powec 
of  the  ocean's  waters  was  greater  than  at  the  present  time.  Th& 
former  sediments  having  been  almost  wholly  of  an  acid  nature, f^ 


\ 


.  *  Mr.  A.  C.  I^wsoQ  has  described  such  in  his  report  on  the  region  of  the  Lako  of  the  WoodlF-^ 
l>p.  73,  76,  S3.    See  al»o  A.  Winohell ;  15th  Ileport,  pp.  97, 101,178  ;  16th  Report,  pp.  264:  H.  V 
Winchtill ;  Itith  Report,  pp.  405,  415,  et  paxsim :  N.  H.  Wlnchell ;  15tb  Report,  pp.  2M,  298 ;  U 
Report,  pp.  i>y,  70,  76. 

t  That  is,  containing  over  60  p.  c.  of  »ilica. 
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nch  that  when  crystallized  again  they  constitnte  the  ftinda- 
mental  gneiss,  they  must  have  been  accumulated  slowly.  But 
on  tiie  advent  of  this  new  supply  of  material,  which  is  so  rapid 
fhat  it  can  not  all  be  worked  over  by  the  ocean  so  as  to  be  dis- 
nlved  and  its  alkaline  elements  extracted,  the  erupted  materials 
tre  thrown  down  in  the  condition  of  stratified  sediments,  retain- 
ing to  a  great  extent  their  chemical  composition.  In  the  periods 
of  comparative  quiet  these  basic  materials  are  interbedded  with 
more  siliceous  materials,  such  alternations  taking  place  as  long 
SB  the  supply  of  basic  material  is  intermittent.  Thus  might 
be  formed  a  great  series  of  strata,  surrounding  the  volcanic 
centre,  thousands  of  feet  in  thickness,  which  would  be  made  up 
of  variously  interstratifiedor  mixed  siliceous  and  basic  sediments. 
Sometimes  there  would  be  intrusions  of  purely  basic  doleritic 
rock  among  these  sediments,  at  different  horizons,  due  to  the 
bodily  overflow  of  sheets  of  lava  among  the  sediments,*  in  a 
mtnner  similar  to  the  interbedding  of  trap  rock  in  the  Kewenaw- 
in  at  a  later  date.  In  other  places  these  eruptions  might  take 
place  somewhat  later,  involving  in  fracture,  upheaval  and  mixing 
the  last  made  strata  in  forms  of  various  fragments  and  breccia 
in  the  molten  rock  that  escaped.**  Such  an  epoch  of  disturb- 
ince,  sufficient  in  its  force  to  cause  the  outflow  of  basic  rock  from 
ft  deep  source,  would  probably  be  sufficient  to  fuse  and  cause  the 
ontflow  of  some  of  the  sedimentary  rock  that  already  had  been 
formed.  Thus  the  basic  and  acid  rock  would  mutually  inter- 
penetrate, and  a  series  of  fractures  which  would  be  filled  by  the 
injection  of  any  fused  material  that  was  adjacent,  would  be  per- 
petuated to  the  remotest;  time  iu  the  form  of  transverse  and  more 
or  less  concordant  dikes  and  by  breccias  composed  of  the  two 
rocks. 

It  is  manifest,  therefore,  that  the  supposition  of  the  advent  of 
s characteristically  eruptive  era,  closing  the  quiet  Laureutian 
Mdimentary  age,  will  account  for  both  an  unconformable  and  a 
conformable  transition,  such  as  are  seen,  from  the  Laurentian  to 
the  Vermilion. 

Bffe<^  of  hydrothermal  fusion.  It  is  necessary,  before  proceed- 
big  to  the  consideration  of  the  next  age,  to  call  attention  to 
•JWther  great  fact  in  connection  with  the  history  of  the  Ver- 
milion.   Nothing  is  more  evident  to  the  geologist  who  carefully 

*R.  V,  Wincbcll  seems  to  huve  encountered  .nuch   in  that  gi\-at  oxtcnsion  of  tliu  Vermilion 
"••tknitwani  from  Vermilion  lake  to  Ilainy  lake.    Si.h.*,  specially,  IGth  report,  p.  425. 

**See  the  15th  report,  p.  338,  and  p.  :i37. 
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inspects  the  Lanrentian  and  Vermilion  strata,  than  that  they  have 
had,  in  some  respects,  a  common  experience.    This,  however,  is 
subsequent  to  the  date  of  the  origination  of  the  rock  masses, 
and  has  had  a  tendency  to  so  unify  their  mineral  characters  as  to 
blend  them,  in  the  opinion  of  some  geologists,  indissolubly  into 
one  system.      They  contain,    excepting  the  eruptive  diabases, 
etc.,  at  the  base  of  the  Vermilion, — essentially  the  same  mineral 
components ;  but  those  components  are  differently  distributed 
and  exist  in  very  different  proportions.    These  minerals  are  in- 
terlocked with  each  other  in  crystalline  contact.     It  is  very 
difficult  to  affirm,  in  many  places,  any  fragmental  grains.     They 
lie  in  such  continued  parallelism  in  long  sheets  that  there  is  no 
natural  agent  except  sedimentation  that  can  be  apx>ealed  to 
to  account  for  the  stratification.    The  strata  do  not  consist  of 
individual  minerals,  that  is,  any  single  stratum   may  contain 
several  minerals,  but  they  change  in  relatively  proportionate 
amounts  in  a  direction  across  the  strike,  and  this  slow  change, 
which  on  weathering  brings  out  either  light  or  dark  bands,  is 
so  gradual  that  some  of  the  strata  or  some  parts  of  the  strata, 
can  not  be  separated  from  the  others  by  any  accepted  designa- 
tions.  Within  the  same  band  the  gneissose  aggregation  changes 
to  a  schistose.    While  in  a  general  way  it  may  be  said  that  the 
mica  schist  alternates  with  what  Mr.  Lawson  has  conceived  to 
be  a  series  of  thin  gneissic  dykes  in  as  many  sedimentary  beds 
of  mica  schist,  it  is  equally  true,  and  equaUy  as  evident  oa 
inspection,  that  the  schist  fades  out  across  the  beds,  into  gneiss 
by  a  change  in  the  relative  amounts  of  the  constituent  minerals^ 
It  is  very  certain  that  if  the  schist,  in  such  places,  be  attribata^ — 
ble  to  sedimentary  origin  the  gneiss  is  equally  so.*     Indee<S-- 
often  within  the  gneiss  itself  are  distinguishable  narrow,  paral — 
lei  belts  of  varying  color  and  lithology  at  some  distance  from  th^^ 
horizon  at  which  the  general  gneiss  mass  began,  which   must^=^ 
be  attributed,  as  certainly  to  the  same  cause  as  in  the  schisti— - 
These  only  lack  the  dark  coloring  minerals  to  show  their  uatnr^^ 

more  evidently,  and  their  similarity  of  origin  with  those  un 

questioned  parallel  belts  that  mark  the  schist. 

This  crystallizing  and  unifying  of  the  mineral  characters  most-^' 
have  taken  place  in  these  strata  while  they  were  yet  buried  at    * 
considerable  depth  below  the  surface,  or  at  least  at  such  a  depth 
that  they  were  affected  simultaneously  by  hydro-thermal  fusion. 


*  Compare  H.  Eieusch,  Boemmeloen  og  Karmoen  med  omgivtlter  geologith  tecJbienM  (EngUik 
lummary),  p.  389, 1888. 
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Whether  before,  daring,  or  subsequent  to  the  process  of  uptum- 
ing  which  has  brought  them  both  to  a  vertical  attitude,  it  is 
not  necessary  here  to  inquire.    Indeed,  this  is  yet  one  of  the 
^'unsettled  problems." 

t  The  Keeicatin  schists. 

This  term  is  here  used  in  a  sense  somewhat  restricted  from 
that  in  which  Mr.  Lawson  first  applied  it,  inasmuch  as  it  does 
not  include  the  crystalline  schists.  This  change,  however,  will 
doubtless  be  considered  allowable,  since  Mr.  Lawson  himself 
•eems  to  have  separated  the  original  group  into  two  series  by 
tiie  application  of  a  distinctive  term  to  the  mica  schists  —  the 
CoQtchiching.* 

OonformMe  transition  from  the  Vermilion.  It  has  already  been 
stated  that  structurally  there  is  a  conformable  transition  from 
the  Vermilion  to  the  Keewatin.  This  has  been  found  to  be  the 
ease  without  exception,  so  far  as  the  Minnesota  survey  is  con- 
cerned, and  it  seems  not  to  be  contradicted  by  any  facts  reported 
by  Mr.  Lawson.  Indeed,  so  far  as  Mr.  Lawson  has  reported  any 
fiMJts,**  they  tend  to  harmony  with  the  facts  and  conclusions  of 
this  survey.  Very  favorable  opportunities  have  been  afforded 
for  the  minute  inspection  of  these  beds  where  they  pass  to  the 
Vermilion,  in  many  places,  and  they  are  reported  in  the  fif- 
teenth and  sixteenth  reports.  There  have  been  five  different 
geologists,  engaged  within  the  last  three  years  by  the  Minnesota 
smrey,  who  have  made  independent  examinations  at  this  hori- 
zon of  transition,  and  at  separate  places,  and  in  every  instance 
they  have  reported  a  gradual  and  conformable  transition  from 
the  Vermilion  to  the  Keewatin. 

There  is  also  a  corresponding  gradual  change  in  the  crystal- 
line condition  and  the  composition  of  the  beds.     While  the 
materials  are  referable  very  largely  to  the  same  source  as  the 
materials  of  the  Vermilion,  there  is  an  increase  of  quartz  and  a 
loss  of  mica  in  ascending  iu  the  strata.    The  schists  become  seri- 
citic,  or  chloritic,  or  argillitic,  and  are  interbedded  with  gray- 
wackes  and  agglomerates;    the  last  prevail  near  the  top  and 
indeed  seem  to  have  introduced  the  marked  eruptive  char- 
acters that  distinguish  the  next  formation. 

Kature  of  the  Keewatin  rods.    It  appears,  from  the  character  of 


•  Am.  Jour.  Sci.,  June,  18S7,  p.  477. 
••Am.  Joar.,  June,  1887,  p.  477. 
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the  rocks  of  the  Keewatin,  that  active  volcanic  vents  existed 
throughont  the  whole  period,  and  that  the  ejectamenta  were  re- 
ceived in  the  waters  of  the  surrounding  sea.  The  strata  contain 
much  silica,  in  rounded  grains  and  pebbles,  indicating  the  waning 
of  the  volcanic  supply  and  the  influx  of  sedimentation  similar  to 
that  accumlated  during  the  Laurentian.  There  are  dykes  and 
various  diabasic  rocks  associated  with  the  Keewatin  strata,  some 
cutting  transversely  and  some  nearly,  but  not  quite,  parallel 
with  the  strike,  some  of  which  are  certainly  of  a  later  date,  but  of 
which  some  seem  to  belong  to  the  age  of  the  Keewatin.  Whether 
any  of  these  have  any  possibly  traceable  connection  with  some 
of  the  old  volcanic  vents,  existing  within  Keewatin  time  it  is  not 
now  possible  to  state,  but  it  is  very  likely  that  such  connections 
will  ultimately  be  established.  At  any  rate  the  Keewatin  closed 
by  a  renewal  of  active  eruption  as  profound  in  its  energy  and 
its  effect  on  the  pre-existing  strata  as  that  which  marked  the 
close  of  the  Laurentian.  In  the  vicinity  of  Tower  and  thence 
eastward  the  rocks  that  evince  this  epoch  of  volcanic  erup- 
tion have  been  insepcted  at  many  places,  and  they  are  described 
with  accompanying  illusti*atioiis  showing  the  crumpled  and 
faulted  condition  of  the  earlier  aqueous  strata,  in  the  fifteenth 
annual  repoit  (pp.  223-275).  The  rocks  which  resulted  from 
this  renewal  of  igneous  forces  form  a  conspicuous  series  and  they 
have  been  traced  almost  continuously  from  Tower  to  the  vicinity 
of  Gunflint  lake  where  they  pass  below  the  Animike.  They 
show  the  same  confused  blending  of  stratified  with  massive  rock 
as  has  been  mentioned  at  the  base  of  the  Vermilion.  In  many 
places  they  constitute  hills  that  rise  one  hundred  to  three  hundred 
feet  above  the  adjoining  lowland  levels,  and  consist  of  a  green- 
stone that  exhibits  all  the  outward  characters  of  diabase  or 
dolery  te.  At  many  places  this  greenstone  is  agglomeritic,  some  of 
the  stones  showing,  by  a  periphery  of  amygdaloidal  structui'e, 
that  they  were  immei*sed  in  a  magma  that  differed  from  them 
in  the  amount  of  contained  heat,  or  in  their  Ciipacity  for  receiv- 
ing and  transmitting  heat.  The  massive  structure  sometimes 
embraces  large  fragments  rent  from  beds  of  stratified  structure, 
and  the  massive  structure  itself  sometimes  acquires  a  faint  lining 
and  then  a  distinct  banding  which  cannot  be  attributed  to  any 
other  known  agent  than  sedimentary  action.  The  greenstone  is 
frequently  jointed  in  a  columnar  manner,  forming  basalt,  in 
which  cases  it  seems  necessary  to  regard  it  as  a  primary  basic 
eruptive.     All  the  other  modificsitious  and  exceptions  which  this 
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^Dstone  exhibits  causing  a  departure  from  the  characters  of  a 
loraud  basic  eruptive  are  to  be  referred  to  the  action  of  the 
ittan  on  the  erupted  materials,  or  on  the  local  rupture  of  the 
ire-ezisting  strata  and  the  mingling  of  the  fragments  with  the 
lev  materials.  It  is  evident  that  in  some  places  these  fragments 
roald  be  gently  covered  and  inclosed  by  new  sedimentation 
and  such  instances  are  shown  on  the  south  shore  of  Vermilion 
ake)  producing  the  curious  alternations  of  breccias  and 
MraUel  strata,  all  of  the  same  kind  of  rock,  which  have 
txdted  the  wonder  of  more  than  one  geologist.  It  is  equally 
trident  that  in  other  places  these  fragments  would  be  covered 
»7  an  overflow  of  erupted  material  that  did  not  come  into  con- 
act  with  the  ocean's  distributing  action,  and  there  would  result 
p  basalt  containing  angular  masses  of  fragmental  strata.  It 
lasbeen  observed  that  apparently  the  most  massive  rocks  of 
his  epoch  change  by  weathering  into  a  green  chlorite  or  even 
•  sericitic  schist,  when  they  occupy  the  loT^er  levels  and  come 
nto  contact  with  water,  or  where  they  are  subjected  to  unshel- 
ered  exx>osnre  to  alternating  frosts  and  moisture.  In  this  case 
he  original  rock  shows,  sometimes,  a  sedimentary  banding,  and 
he  schistosity  thai  results  may  or  may  not  coincide  with  the 
lirection  of  this  banding.  Throughout  nearly  all  the  region 
rhere  this  greenstone  prevails,  the  schistosity  has  a  prevalent 
lirection  northeastwardly,  and  that  is  also  the  direction  of  the 
[eneral  strike  of  all  the  sedimentary  rocks ;  but  there  are  excep- 
ions  in  the  case  of  the  sedimentary  strike,  which  are  more 
mmerons  and  extensive  than  any  that  have  been  found  in  the 
lirection  of  the  schistosity.  The  ease  with  which  this  schistose 
rtructure  is  developed  on  weathering,  seems  to  vary  with  the 
composition  of  the  rock,  or  at  least  with  it-s  original  structure, 
^ere  the  greenstone  is  evidently  a  true  eruptive  basalt  which 
Itts  never  been  subjected  to  the  distributing  action  of  sedimenta- 
tion the  schistose  structure  is  faint,  or  is  wanting,  and  rounded 
knobe  of  structureless  massive  rock  rise  above  the  general  level  of 
Uieoountry,  When  there  is  an  intimation  of  the  primeval  action 
^^  water  on  the  constituents  of  the  rock  at  the  time  of  their 
*«p08ition,  evinced  either  by  the  presence  of  siliceous  grains, 
^®  indOBure  of  fragments  of  stratified  masses,  a  generally 
"l?hter  green  color  in  the  whole  mass,  or  in  an  indistinct  band- 
"*?  like  sedimentary  structure,  the  schistose  structure  is  more 
^nickly  developed. 
Vermilion  iron  ores.    The  Keewatin  is  the  iron-bearing  forma- 
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tion  of  the  region  of  Vermilion  lake.    It  contains  the  jaitpilyto 
lodes  which  have  been  described  at  Tower  in  the  15th  fluuiil 
report.    But  it  should  be  stated  that  these  lodes  seem  to  preraS 
in  those  parts  of  the  formation  that  show  most  eyidently  the 
characters  of  massive  and  original  eruptive  rock,  L  e.,  in  the 
later  portion.     The  knobs  of  jaspilyte  at  Tower  are  embraced  m 
and  x)enetrated  by  a  green  schist  which  at  the  8arfiEu;e  is  easily 
excavated,  when  a  schist,  but  which  at  greater  depth  sometimes 
becomes  a  massive  green  rock,  and  which  in  the  main  must  be 
considered  an  original  eruptive.    At  short  distances  from  the 
knobs,  even  on  the  slopes  an  evident  sedimentary  stracture  super- 
venes, the  beds  being  nearly  or  quite  vertical. 

Origin  of  Jaspilyte.  It  is  not  necessary  here  to  reconsider 
fully  the  question  of  the  origin  of  the  rock  known  as  jaspilytei 
Various  considerations  are  given  in  the  15th  report  that  go  tx^ 
show  that  it  is  of  sedimentary  origin,  embraced  as  foreign  maasei^ 
in  the  green  eruptive  rock  of  the  region.  Mnch  more  study  h» 
since  then  been  given  to  the  subject,  and  while  the  fiactsand 
arguments  then  relied  on  are  still  valid  some  other  problems 
have  arisen  which  need  to  be  solved  in  order  to  make  the 
hypothesis  of  its  sedimentary  origin  entirely  siitisfactory.  They 
can  be  briefly  referred  to,  viz. : 

Why  is  the  silica  of  the  jaspilyte  so  uniformly  of  very  fine 
grain,  and  of  so  uniform  a  grain!  j 

Why  does  the  jaspilyte  accompany  the  most  evidently  emp-  ] 
tive  parts  of  the  Keewatin,  and  why  is  it  not  found  in  important  < 
masses  in  those  parts  that  have  plainly  a  sedimentary  structuref 

It  seems  quite  remarkable  that  the  jaspilyte,  on  the  sedimen- 
tary hypothesis  of  its  orig:in,  should  not  var>^  perceptibly  in  the 
size  of  its  siliceous  grains.  Keference  is  here  made  to  the  ulti- 
mate quartz  grains  into  which  it  disintegrates  on  being  long- 
weathered.  When,  in  the  stratilied  schists,  some  small  pebbles^ 
from  the  jaspilyte  are  disseminated  in  the  manner  of  sedimenta- 
tion, the  pebbles  themselves,  iis  constituent  elements  in  the  strati- 
lied  mass,  are  seen  to  vary  in  size  considerably,  some  of  them 
being  no  larger  than  the  eye  of  a  needle,  and  others  as  large  as 
pease,  or  even  much  larger.  The  same  is  true  of  pebbles  of 
other  silira,  such,  for  instance  as  those  of  segregated  or  chemi- 
cal silica  which  does  not  show  the  finely  granular  structure. 
But  when  these  pebbles  of  jaspilyte  are  examined  more  closely 
they  are  found  to  be  made  up  of  almost  microscopic  quarts 
grains  of  the  same  size.     The  (|uestion  refers  to  the  size  of  these- 
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If  they  are  the  product  of  sedimentatioD,  it  would  be  in  accord- 
ance with  usual  observation  that  they  Fould  have  been  collected 
and  dex>osited  under  the  action  of  varying  currents  and  would 
vary  in  size  froifi  place  to  place,  or  from  structure  to  structure 
(within  certain  limits)  and  some  of  them  would  be  expected  to^ 
1)6  mingled  with  other  sorts  of  sedimentary  materials.    Some 
observations    have   been    made,    indeed,   which    indicate  the 
mingling  of  fine  siliceous  grains,  supposed  to  be  the  same  as  the 
ifine  grains  of  the  jaspilyte,  with  the  sedimentary  green  schists 
j.n  the  vicinity  of  Tower,*  but  in  these  cases,  and  especially  in 
t>he  case  of  principal  masses  of  jaspilyte  that  are  mined  at  Tower, 
1 1  is  not  yet  sufficiently  shown  that  the  ultimate  grains  of  which  the 
jaspilyte  consists,  manifest  such  a  variation  as  is  here  indicated. 
Xndeed  it  is  quite  possible  that  all  the  siliceous  grains  that  are  seen 
disseminated  through  the  green  schists,  as  seen  at  Tower,  are 
coini>ound  grains,  derived  as  fragments  from  jaspilyte  that  pre- 
existed as  such,  and  that  each  one  can  be  reduced,  on  examina- 
tion, to  the  same  minute  granules  as  the  jaspilyte  itself.    There- 
fore the  question  remains  unanswered — why  are  the  ultimate 
granules  of  the  banded  jaspilyte  of  so  uniform  a  size,  and  so 
uniformly  finef 

Again,  it  seems  quite  remarkable,  on  the  sedimentary  hyx^othe- 
sis  of  the  origin  of  the  jaspilyte,  that  it  should  be  found,  in  its  most 
typical  forms  and  largest  amounts,  embraced  in  a  rock  which  mani- 
fests the  least  of  the  characters  that  i  ndicate  sedimentary  forces,  and 
surrounded  by  rock  that  manifests  unquestioned,  or  almost  un- 
qaestioned,  eruptive  forces  in  its  manner  of  origin,  f  This  associa- 
tion is  hard  to  explain  except  on  the  eruptive  hypothesis  for  the 
origin  of  the  jaspilyte.  It  might  be  said,  with  much  reason,  that 
in  the  midst  of  the  basic  eruptions,  or  at  intervals  of  rest  from 
basic  eruptions,  some  acid  eruption  took  place,  and  that  the 
empted  matter  assumed  such  forms,  and  such  relations  to  the 
basic,  whether  in  the  presence  of  oceanic  waters  or  on  laud,  tus  the 
circumstances  required,  in  just  the  same  manner  as  the  materials 
of  basic  eruption.  To  this  the  mineral  nature  of  the  jaspilyte  is 
the  greatest  obstacle. 

Xame.    The  massive  ** greenstone-'  stage  of  the  Keewatin  has 
:2io  distinctive  name.    It  has  sometimes  been  referred  to  as  the 


*  Fifteenth  report,  pp.  226-230. 

t  Attention  hu  been  called  to  the  distribution  of  the  Jaspilyte  masses  by  Mr.  II.  V.  WinctR'Il 
^—r^nurlean  (reoto^M,  January,  1889.     The diabiuic .schiMfsconfaininff  tht  jaspUyte  beds  of  northK'i^itern 
■Vfaiieie/a. 

Vol.  III.— 6. 
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^^  Kawasachong  rock,'-  since  it  forms  the  falls  of  that  name  at  the 
mouth  of  the  Kawishiwi  river,  on  the  south  shore  of  Fall  lake. 
But  it  is  not  desirable  that  such  a  name  be  perpetuated.  Kairiahi- 
win  would  be  better,  aud  it  would  be. appropriate  since  this  river 
runs  for  many  miles,  and  some  of  its  tributaries  for  many  more, 
over  rock  belonging  to  this  epoch  of  the  Keewatin. 

Parallels  of  the  Keeicatin,  The  writer  has  seen  at  but  one  place 
in  the  Northwest,  outside  of  Minnesota,  what  he  believes  is  the 
stratigraphic  equivalent  of  the  Keewatin.  This  belief  rests 
entirely  on  lithological  resemblance,  with  some  general  strati- 
graphic  parallelism.  In  general,  the  groups  which  Dr.  G. 
Bominger  has  described  as  '^ serpentine  group"  and  ''dioritic 
group,"*  in  the  region  of  Marquett-e,  exhibit  the  characters  of 
the  Keewatin.  There  may  be,  as  thought  by  him,  an  essential 
difference  between  the  dioritic  and  the  serpentine  groups,  but 
their  affinities  arc  very  close,  and  indeed  nearly  all  the  charac- 
ters, in  limit<^d  areas,  are  found  in  the  Keewatin.  The  serpen- 
tine rocks  may  ultimately  be  found  to  consist  of  the  old  volcanic 
cones,  now  tilted  to  lie  at  an  angle  of  90  degrees,  more  or  less, 
from  the  position  they  originally  occupied,  from  which  issued 
the  ejectments  that  were  consolidated  to  form  the  dioritic  schist 
group.  In  that  case  they  would  fundamentally  be  of  about  the  same 
age  as  those  schists.  However  that  may  be,  no  one  can  read  the 
careful  description  of  the  dioritic  group  by  Bominger,  be  he 
familiar  with  the  Keewatin,  without  being  struck  with  the  great 
mineralogical  similarity.  (See  also  16th  report,  pp.  47-48.) 

There  is,  however,  an  important  evidence  of  this  parallelism 
to  be  drawn  from  a  comparison  of  the  stratigraphy.  In  the 
Man^uette  region  the  mica  schist  group  is  but  feebly  represented, 
and  is  not  at  all  shown  by  Bominger  on  his  map  of  the  region. 
It  is  included  by  him  in  his  granitic  group.  But  the  dioritic 
group  comes  at  ouc^  into  contact  with  the  granitic  rocks  of  the 
''granitic  group.'-  This  is  shown  to  be  interbedded  sometimes 
with  the  base  of  the  dioritic  group,  and  the  granite  to  be  appar- 
ently produced  sometimes  by  the  fusion  and  extrusion  of  some 
of  the  beds  of  the  dioritic,  or  from  some  of  the  lowerstrata,  form- 
ing knobs  and  sudden  enlargements  of  granitic  rock  within  the 
schists  of  the  dioritic  group,  t  The  same  kind  of  indistinct, 
incipient  crystallization  as  described  by  him  has  been  noted  at 
about  the  same  horizon  in  the  schists  of  the  Keewatin  north  of 


•L1«<j1.  of  Mich.,  Vol.  IV,  pp.  22,  24,  26,  27. 
ttiwlogical  surveyor  Michinau,  Vol.  IV,  1H81. 


STATE  GEOLOGIST.  43 

Oanflint  lake,  and  between  Ogishke  Muneie  and  Kekekebic 
lakes,  and  the  same  gradual  inter-bedded  transition  from  the 
schists  to  a  sub-granitic  rock.  In  the  same  way  also  great  over- 
flow areas  of  acidic  syenite  or  ^'granite"  are  found  in  connection 
with  both.* 

Bat  the  most  remarkable  stratigraphic  coincidence  is  the  rela- 
tion of  the  Keewatin  and  the  dioritic  group  to  the  overlying 
formation.  In  Minnesota  it  is  the  iron-bearing  Animike,  and  at 
Marquette,  it  is  the  ''iron  group,"  of  Eominger.  This  relation 
is  one  of  unconformity.  For  evident  reasons,  which  need  not  be 
elaborated  here,  the  "iron  group"  of  Bominger  is  considered  to 
be  on  about  the  same  stratigraphic  horizon  as  his  ''arenaceous 
«lato  group."  They  are  not  shown  by  him  to  be  distinct,  alt&ough 
he  8upx>06es  them  to  be  separated  by  the  '^quartzyte  group," 
and  in  both  of  them  are  found  important  bodies  of  ore  in  the 
Marquette  district.  They  have  the  same  relations  to  the  dioritic 
group,  as  described  by  him,  and  their  geographic  distribution, 
'as  separately  delineated  on  his  geological  map,  especially  when 
taken  in  connection  with  his  geological  descriptions,  is  inexplica- 
ble on  the  supx>osition  of  their  separate  identity. 

In  the  light  of  what  has  been  published  by  the  Minnesota  sur- 
vey respecting  the  unconformable  superposition  of  the  Animike 
over  the  Keewatin,  nothing  further  need  be  said  as  to  that  fact. 
But  when  this  unconformity  is  extended  to  the  Marquette 
r^on,  and  the  iron-ore  beds  there  so  much  worked  are  placed 
above  that  line  of  unconformity,  it  may  need  a  concise  statement 
of  the  evidence  to  make  it  appear  plausible.  While  it  is  in  per- 
fect accord  with  the  published  conclusions  of  the  Michigan  and 
Wisconsin  geologists,  to  put  the  ore-bearing  rocks  of  those 
^states  in  the  "Huronian,"  it  is  not  in  accord  with  them  to  sepa- 
rate that  horizon  from  the  dioritic  schists  which  really  embrace 
an  ore  horizon  of  an  older  date,  by  a  plane  of  unconformity;  but 
under  the  term  "Huronian"  have  been  grouped,  in  one  essen- 
tial concordant  series  of  strata,  all  the  rocks  of  the  district 
younger  than  the  fundamental  gneiss  or  the  Laurentiau.  Later 
Dr.  Bominger  has  stated  that  some  of  the  granite  of  the  district  is 
eruptive  and  of  later  date  than  the  associated  schists.  (Geol.  of 
Mich.,  Vol.  IV,  pp.  17  and  22.) 

The  reader  is  therefore  referred  to  the  following  quotations 

*  The  hematite  lodes  at  Tower  seem  to  have  their  represeutativc:}  in  the  dioritic  group  of 
Bominger,  but  they  hare  not  proved  productive  euough  to  support  regular  miuing.    Such  an^ 
intiooed  by  him  on  pp.  26, 27,  29, 30. 
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from  the  descriptions  of  Dr.  Bomiuger  of  the  relation  of  it 
"dioritic  group"  to  the  overlying  ''iron  group"  and^'araa- 
ceons  slate  group."* 

Page  72;  Speaking  of  the  surface  rock  of  the  environs  of  Negannee  and  U^  ' 
Iteming,  i!?hich  belong  to  the  "iron-ore  groap,"  he  says:  "The  strata  tre ha 
exceedingly  disturbed  condition  *  *  *  These  disturbed  beds  lie,  in  ewi , 
instance,  directly,  but  vexy  often  unoonformably,  on  chlorito-hydro-micMXM 
schists,  or  on  crystalline  dioritic  masses  which  are  constant  associates  of  tha 
chloritic  schist«.''  #  #  «  ^^Overlooking  the  extremely  plicated  and  oom* 
gated  condition  of  the  strata,  they  form,  considered  in  their  totality,  asyndiHi 
basin,  hemmed  in  between  dioritic  ridges.'' 


Page 76;  "The  discordance  existing  between  the  dioritic  and  the  i^Hl•ta^ 
ing  rocl|  groups  is  ob\'ions  in  the  mfgority  of  natural  or  artificial  exponn^: 
although  it  often  occurs  that  they  adjoin  each  other  in  parallelism." 

Page  82;  "The  ore-bearing  beds  in  the  lake  Superior  mine  lie  in  a  ^: 
inclination,  with  northern  dip  directly  on  the  diorite,  or  on  schistOM  Ml 
belonging  to  this  group,  but  in  other  parts  of  the  mine  the  strata  are  Men  tote 
bent  and  folded  repetitiously,  and  to  dip  in  the  most  irregular  way." 

Page  83;  "The  deposits  visibly  underlie  the  jaspeiy  massive  rock-ledg^ari 
repose  in  a  much  corrugated  condition  on  the  schists  of  the  diorite  group.*' 

Page  80;  "In  the  abandoned  pits  of  the  old  Tilden  mine,  and  in  serad 
neighboring  natural  exposures,  the  ore-formation  is  found  to  repose  on  tbedir, 
rite,  or  ou  the  schists  belonging  to  this  group,  but,  as  it  seems,  always  in  iSt. 
conlance."  i 

Page  lOS;  Speaking  of  the  "arenaceous  slate  group,"  he  says:  "Tbesto^', 
lie  on  the  side  of  a  diorite  hill  dipping  under  a  low  angle  tOAvard  it  in  a  llfl^t^ 
era  direction,  am!  a  few  hundred  steps  further  east  another  body  of  these  led^ 
lies  in  a  slantinj;;  position  on  the  diorite." 

Pajre  114;  "On  the  south  side  of  the  lui^e  cluster  of  diorite  knobs,  north* 
the  New  York  mines,  we  generally  see  the  ore-formation  in  direct  contigni^f 
with  the  (liorit<?;  but  ou  the  higher  part  of  one  of  the  rock  bluflFs  another ki" 
of  stnitilied  n)ck  [i.  e.,  the  arenaceous  slate  group.  N.  H.  W.]  is  found  to  repo* 
on  the  diorite  in  seemingly  disco nlant  position." 

These  statements  are  sufficient  to  show  that  in  the  >Iarqnfitt* 
region  there  was  a  profound  break,  or  unconformity,  that  sepi 
rated  the  dioritic  group  from  that  next  succeeding,  as  martrf 
and  a«s  general,  as  that  which  separated  the  Keewatin  from  to 
Animike.     The  fact  that  it  has  not  generally  been  recc^niuif 
and  when  so  observed  that  its  significance  was  not  noted,  myn 
explained  by  the  great  confusion  that  prevails  atMarqaefcteinw 
the  dip  and  strike  of  the  rocks,  due  to  disturbances  that  iurolrrf 
both  the  older  and  the  later  terranes. 

Further  evidence  of  this  parallelism  is  found  in  the  &ct  thi^ 

♦Geology  of  .Micbi;;an,  V.^1.  IV,  '.SSI. 
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in  the  same  manner  the  Keewatin,  and  the  '^dioritie  group"  of 
Bominger,  are  nnconformably  overlaid  by  a  more  recent 
q[aartzyte,  as  will  appear  later  in  this  review. 

JaspUffte  is  in  the  Keeicatin  and  the  dioritic  group.  There  is  a 
^neral  lithologieal  resemblance  as  already  noted.  It  will  be 
aeoessary  here  only  to  call  attention  to  one.  The  Keewatin 
contains  the  typical  jaspilyte  deposits  of  Minnesota — i.  ^  .  those 
diat  have  chalcedonic  silica  as  their  chief  characterisi  :  '-^ 
>ccnr  in  curiously  ribboned  contorted  bauds  or  masses,  ;itl.  m 
ing  a  hard  specular  hematite.  Although  Dr.  Bominger  O"--  rut 
employ  the  term  jdspUyte,  beseems  to  make  several  reft"  m(l- 
lo  it  in  connection  with  his  account  of  the  dioritic  group,  '^vvh 
:«ferences  may  be  found  on  pp.  27,  29,  and  30.  In  other  jm.::  -s 
t  seems  as  if  the  descriptions  that  he  has  recorded  ui'  ti  < 
>henomena  of  the  iron  mines,  all  of  which  he  suppoe-  >  to  ^r 
n  the  "iron  group,"  and  not  in  the  dioritic  gi^.  <?in 
kpply  only  to  the  dioritic  group.  This  is  true  win. 
arly  of  some  of  those  in  the  vicinity  of  Ishpeming.  '  ^i 
If.  E.  Wadsworth's  observations  and  figures*  seem  to  indicc%^ 
he  same.  The  manganesic  soft  hematite,  and  the  limonitic  ores, 
rhich  are  also  "jaspery,"  are  not  believed  to  belong  to  the 
lame  formation  as  the  hard  jaspilyte-hematite,  but  to  the  over- 
lying ''iron  group."  It  is  true,  however,  that  it  is  impossible, 
\t  present,  to  indicate  fully  the  petrographic  difference  that 
nay  distinguish  the  jaspilyte-hematite  of  the  Keewatin  from  the 
jasx>6ry  b^s  of  the  iron -ore  group.  That  will  be  subject  for 
further  study,  f 

Possibility  of  rocks  yoxmger  than  the  Keewatin,  before  the  beginning 
of  the  Taconic,  We  have  seen  that  the  Keewatin  was  terminated 
by  an  increased  eruptive  activity,  producing  distinctively,  in 
Ofinnesota  the  ** greenstone  range,"  or  the  Kawishiwiu  rocks. 
We  have  no  distinct  knowledge  of  any  later  sedimentary  beds 
prior  to  the  nnconformably  overlying  Taconic  (or  Animike). 
rhere  are,  however,  some  problematical  rocks  that  different  mem- 
bers  of  the  Minnesota  survey  have  noted  whose  position  in  the 
stratigraphic  column  has  not  been  determined.  They  have  been 
leBignolb&dmuscovado  rocks,  and  in  some  places  they  hold  a  portion 


*  Notci  on  the  geology  of  the  copp«ir  aud  iron  districts  of  lake  Superior.  Mus.  0/  Comp. 
Zoology.    Geol.  Seriee,  Vol.  I. 

tThe  reader  is  referred  to  the  rock  "  talcose  coDglonierate,"  described  byDr.  £.  Hitchcock 
n  the  Chohgy  ^  Vtrmant^  for  a  probable  >few  England  representative  of  the  Stuntz  conglom- 
nratoof  the  Keewatin.  Indeed  there  is  great  reason  to  suspect  that  the  Keewatin  horizon  in 
IB  Its  ftatnree  eziats  in  the  "  talcose  slates"  of  western  New  England. 
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some  distance  south  of  the  strike  of  the  Kawishiwin  and  spread 
over  several  miles  of  area.  It  is  not  intended  to  discuss  them 
here  at  any  length.  They  may  be  some  part  of  the  Taoonic,  and 
it  is  only  suggested  that  they  may  be  a  sedimentary  formation 
that  accumulated  subsequent  to  the  Keewatin  before  the  sub* 
mergence  that  brought  the  Taconic  unconformably  over  it. 

The  age  of  the  Taconic  (Animike,  Huronian). 

q:  an  interval  of  time  passed,  and  what  its  events 
.ting  the  Kawishiwin  epoch  from  the  Taoonic,  it  is 
1  state.    But  it  is  evident  that  there  was  a  great 
^  Che  surfoce  of  the  earth,  wherever  this  suooession  is 
yhich  tended  to  allow  not  only  submergence  of  Bome  of 
•re-existing  land  area,  but  such  general  quiet,  speaking 
iji  •    lly,  as  would  allow  slow  sedimentation,  and  apparently  the 
ATth  of  plants  and  animals.    The  black  carbonaceous  sliales 
ad  slates,  or  in  other  places  the  graphitic  character  of  the  rocks 
of  the  Taconic,  where,  as  on  Pigeon  point,  they  have  been  meta- 
morphosed, sufficiently  indicate  the  presence  of  plant    life  in 
the  Taconic.    In  other   places  faint  tracings  of  rude  forms, 
apparently  of  vegetation,  have  been  observed  on  the  sides  of 
some  of  the  black  slates.    But  of  these  forms  none  from  Minne- 
sota have  been  carefully  examined  and  described.*    Of  animal 
remains  none  have  been  found  in  Minnesota  that  belong  in  the 
black  slates,  but  in  the  quartzyte  overlsdng,  some  primordial 
fossils  have  been  found  f  corresponding  with  the  fauna  of  the 
Paradoxides  horizon  of  eastern  North  America,  indicating,  so- 
far  as  this  evidence  goes,  the  age  of  the  ^^  Granular  Quartz/^ 
and  of  the  Bed  Sandrock  of  Vermont.    This  formation  ^ms  to  * 
be  represented  in  the  Bocky  mountains,  where  the  primordial 
fauna  has  been  mentioned  by  Mr.  B.  G.  McGonnell  %  along  the 
line  of  the  Canadian  Pacific  railroad.    Still  earlier  Mr.  G.  D. 
Walcott  described  it  in  Nevada.  §     There  is  no  doubt  that  this 
formation  is  widespread.     The  coincident  identity  of  the  old 
Taconic  with  the   ''Lower  Cambrian"  and  the  Huronian  need 
not  be  discussed  here,  and  those  who  believe  that  these  represent 
different  rock-horizons  will,  of  course,  not  accept  the  generalized 


*.SixtL'«Dth  report, pp.  78,23U. 

tThirteviith  report,  p.  ^'iS. 

t  Geol.  3ur.  of  Can.,  18S6.    Rvp.  I>.,  pp.  •»-^o.    Am.  Ov^vl.,  .laniinrf ,  1888. 

i  Thirtieth  bulletin,  U.  S.  Geol.  Survey. 
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history  that  is  here  indicated.  To  the  writer  there  seems  to  be 
no  .way  to  gronp  the  terranes  that  are  found  in  the  Northwest, 
subsequent  to  the  Keewatin,  belonging  in  that  general  horizon 
that  has  been  accepted  widely  as  ''Huronian,"  except  to  make 
them  thQ  parallel  of  that  earlier-named  system  which  was  so 
long  studied  by  Dr.  Ebenezer  Emmons,  and  by  him  named 
Taconic. 

The  opening  of  the  Taconic.  So  far  as  we  know  th***^  . -tu.  •■  :• 
characterized,  from  New  England  to  the  Black  Hi'  •- ,  ? >y  m  «■;  opIj 
of  increased  submergence  beneath  the  0(  .*►  I:  ■  i»  is  ^r..  :»t  p  .  .u. 
to  believe  that  all  the  earlier  format  -i.--  i.;-  .^ij.  -  /i  '^:  n  .ti 
been  subjected  to  great  flexure  and  uj^,'  ^  •./  ;..  r.:.  j.  is  -^r. 
mergence.  In  Minnesota  the  underlying  bei-  .  ■  .»:i'i  >i  \'M: 
caly  nearly  everywhere,  and  the  Taconic  beds  di;  ;•.:  :i::/  •  -  •■•".- 
eraJly  less  than  30^.  It  can  hardly  be  supposed  thai  -  im  t*i<;'ii  >r 
80  great  an  area  the  subjacent  strata  could  by  any  trbu.M(^nna- 
tion  -be  placed  in  verticality  beneath  the  Taconic  since  li!>. 
deposition  of  the  latter,  without  equally  disturbing  the  Taconiv 
also.  Indeed  when  such  rupturing  of  the  strata,  since  the 
deposit  of  the  Taconic,  has  been  observed,  as  in  the  region^ 
between  Ogishke  Muncie  lake  and  Gkibemichigama  lake,  the  dis- 
turbance has  involved  the  Taconic  rocks  also,  and  has  turned 
them  into  various  and  excessive  dip.  Such  exhibitions,  how- 
ever, are  exceptional,  so  far  as  observations  already  made  in 
Minnesota  indicate.  The  Taconic  strata  maintain,  both  in  Min- 
nesota and  Wisconsin,  as  in  the  Mesabi  and  Oogebic-Penokee 
xunges,  a  regularity  of  dip  and  strike,  and  a  low  angle  of  incli- 
nation which  are  not  seen  in  any  of  the  older  rocks. 

There  is  a  conglomerate  at  the  base  of  the  Taconic.  This  is  a 
tragmental,  sedimentary  conglomerate,  embracing  numerous 
»>anded  fragments  from  the  earlier  formations  of  the  region. 
The  lowest  stratum  seen  in  the  Huronian,  in  the  region  north  of 
lake  Huron,  is  reputed  to  be  a  (juartzyte  which  varies  to  a 
qnartzose  conglomerate,  and  by  the  accession  of  organic  matter 
assumes  a  dark  color,  becoming  a  *^ slate  conglomerate."  In  the 
latter  form  it  has  a  wonderful  development,  both  in  Canada  and 
in  Minnesota*.  It  is  the  Ogishke  conglomerate,  of  the  Minne- 
sota rei>orts.  It  seems  to  be  the  Missasaugni  quartzyte  and  the 
slaty  conglomerate  of  the  original  Huronian  area.  This  con- 
glomerate is  followed  by  an  immense  thickness  of  dark  slaty 

*Oii  the  pMsage  of  the  quartzose  .'condition  into  the  urn y,  each  I>oinK  p«bl>If  .see  T^o^an 
1S6S,  Geology  of  Canada,  pp.  55, 56,  r>9t. 
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rocks,  often  cherty,  or  flinty,  frequently  very  dark-colored,  gen- 
erally siliceous,  alternating  with  thin  quartzytee,  and  grayish 
feldspathic  quartzytcs,  all  in  conformable  stratification,  as  a 
-whole.  Variously  inter  bedded  with  these  slates  and  qnartzytes, 
from  bottom  to  top,  are  beds  of  basic  eruptive  rock,  and  it  is 
uecessiiiy  to  suppose  that  such  eruptions  must  have  been  accom- 
panied, in  some  places,  by  extensive  disturbance  and  meta- 
"^-T^biRin.  As  a  groui),  however,  the  Taconic  strata  sustain  a 
u7        ip  '  lithology,  within  allowable  limits  of  variation, 

'   '        ..-^  them  as  one  great  series,  which  experienced  essen- 
same  history  over  very  extensive  parts  of  America, 
:at  respect  they  show  the  same  individuality  as  the 
a  and  the  Vermilion,  which  names  cover  respectively  the 
stalline  (earthy)  and  the  crystalline  schists  of  the  North- 
The  Taeonic  is  essentially  the  Olenellus  group  of  strata 
•  no  '^  -mordial. 

ores  of  the  Taconic.     The  Taconic  is  the  chief- iron- 
.:  tion  of  the  Northwest.     It  is  the  *'Huronian'' 
-    :  ,<        **e  Marquette  region,  the  Penokee-Oogebic  range 
^^  the  non-titanic  ores  of  the  Mesabi  range  in 

Minnesota,  i.  writer  is  not  familiar  with  the  Menominee  iron 
district  in  Michigan  and  Wisconsin,  but  the  described  characters 
and  the  parallelisms  that  have  been  claimed  of  the  Menominee 
rocks  by  Brooks,  Rominger  and  Irving,  with  those  at  N^annee, 
sufficiently  show  that,  as  claimed  by  Emmons  and  Houghton  in 
184G,  the  Menominee  rocks  are  also  of  the  Taconic*  The 
numerous  important  iron-ore  deposit's  that  have  long  been 
known,  and  formerly  extensively  exploited  in  eastern  New 
York  and  western  Vermont,  Massachusetts  and  Connecticut, 
embracing  hematite  and  limonite,  often  manganesic,  afford  par- 
allels with  the  iron-ore  deposits  of  the  Northwest  that  are  here 
classed  in  the  Taconic.  Some  of  the  descriptions  of  the  ore-pits 
of  Wiushington,  St.  Lawrence  and  Dutchess  counties,  of  eastern 
New  York,  recorded  by  Mather  and  Emmons  in  their  reports  on 
the  geology  of  those  counties  are  applicable,  in  many  respects, 
to  those  of  the  Peuokee-Gogebic  and  the  Mesabi  ranges  in  the 
Northwest. 

The  Granular  Qnmiz,  As  used  here  the  term  Taconic  does  not 
embrace  the  '^  Granular  Quartz,"  of  Emmons,  as  there  is  saflS- 
cient  evidence,  in  the  writer's  opinion,  for  making  that  the  par- 

•Agriculture  ol"  Now  York,  l.S4fi,  Vol.  I,  p.  101. 
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sllel  of  the  tnie  Potsdam  of  New  York  state.*    The  chief 
reasons  for  this  separation  may  be  given. 

(a)  The  straligraphic  relations  of  the  Gramdar  Quartz  and  the 
Pattern  of  N,  Y.  are  the  same.  In  the  first  place  they  are  seen 
to  lie  unconformably  on  the  older  ^'granite,"  one  on  the  west 
flank  of  the  Oreen  mountains,  and  the  other  on  the  northern 
and  eastern  flanks  of  the  Adirondacks;  and  in  the  second  place 
they  bear  the  same  relation  to  the  Bed  saudrock  of  Vermont 
By  Dr.  Emmons  the  Bed  sandrock  was  regarded  the  equivalent 
of  the  Potsdam  and  Galciferous  sandrock,  but  it  is  described  by 

"the  Canadian  and  Vermont  geologists  as  Potsdam.  Emmons, 
liOgan,  Hitchcock  and  Marcou  agree  in  making  it  unconforma- 
ble on  the  underlying  slates, f  but  Mr.  Walcott  fails  to  find  the 
mnconformity  at  the  point  described  by  Marcou. ;{: 

It  seems,  however,  that  the  preponderance  of  evidence  is  in 
favor  of  such  unconformity,  especially  when  it  is  further  con- 
sidered in  its  agreement  with  observations  supposed  to  be  at  the 
fiaine  stratigraphic  horizon  in  tho  Northwest  and  in  the  Black 
Hills.    The  Potsdam  is  therefore  here  the  Bed  sandrock,  and 
Qnconformable  on  older  slates.     But  by  the  discovery  of  the 
same  fauna  in  the  Granular  Quartz  and  in  the  Bed  sandrock  Mr. 
Walcott  has  shown  that  these  are  stratigraphically  the  same 
formation.    Therefore  the  Granular  Quartz  must  lie  unconform- 
ably on  other  terranes  than  the  **  Primary ''  of  the  Green  moun- 
tains. 

(b)  While  the  fossils  of  the  Granular  Quwtz  are  coffnate  with  those 
of  the  Red  sandrock,  they  are  also  cognate  with  all  that  have  been  found 
in  the  true  Potsdam,  They  are.  however,  essentially  different 
from  those  of  the  so-called  Potsdam  of  the  Mississippi  valley. 
This  need  not  be  amplified.  It  is  based  on  one  of  the  cardinal 
distinctions  that  subdivide  the  primordial  fauna. 

(c)  The  Red  sandrock  overlying  the  Georgia  group  unconforma' 
hly,  as  already  stated,  the  Granular  (Quartz  and  the  Potsdam  must 
Jiave  the  same  stratigraphic  position.     While  this  has  not  been 

-observed  in  New  York  and  Vermont  (or  when  so  seen  the  over- 
lying strata  were  considered  to  belong  to  the  Red  sandrock)  it 
been  observed  to  be  the  relation  sul)sisting  between  an  iden- 
ical  qnartzyte  in  the  area  of  the  original  Huronian,  in  northern 

•  Bull.  No.  80,  U.  Sb  G«ol.  Sur.  p.  18. 

tGco1og7  of  Vermont,  Vol.  I,  pp.  260,  817.    The  Taconuof  Georgia  and  the  report  on  the 
of  Vermont,  Mem.  Bntton  Soe.  Xal.  Hitt.,  Vol.  I V. 

t  Ameriean  Geologist,  March,  1888.    A  great  priuionlial  iiuartzjte. 
VoL  III.— 7. 
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Michigan,  and  in  northeastern  Minnesota,  and  a  series  of  ditai 
underlying.  In  other  words;  The  Thessalon  qnartzyte  of  ^ 
Hnronian  overlies  (probably)  unconformably  the  Flammv 
argillytes.  The  Pewabic  qnartzyte  and  the  Wanswaogonin; 
quartzyte  overlie  the  Animike  in  northern  Minnesota,  bat  fk» 
exact  contact  has  not  yet  been  observed;  while  in  the  Marquetoj 
region  the  ^* qnartzyte  group"  of  Rominger  overlies  unoonfbnir! 
ably  his  "iron  group."* 
If  we  carry  the  comparison  farther: — 

(d)  Tfie  stratigraphic  relations  of  the  Oranular  Quartz  and  Ad* 
dam  to  the  ^^granite^^  are  the  same  as  those  of  a  great  primarti\ 
quartzi/te  of  ihe  XortJttcest  to  the  ^^granite.^^    This  western  qnaiti*] 
yte  has  been  designated,  not  only  Potsdam,  but  Sioux  quartzfto^l 
Baraboo  quaitzyte,  New  Ulm  quartzyte,  Barron  county  qiuiti- 
yte,  Wanswaugoning  quartzyte,  as  well  as  Pewabic  qnartzyte, 
and  in  numerous  instances  it  has  been  observed  to  lie  anoon- 
formably  on  the  granite  supposed  to  be  of  Laurentian  age. 

This  comparison  could  be  extended  to  include  the  Black  HiDlj 
of  Dakota  and  the  primordial  section  of  Nevada,  and  it  wonlij 
appear  that  the  relations  here  x>oiuted  out  for  this  quartzyte 
of  wide  application  and  mark  it  as  a  formation  of  contini 
extent. 

(e)  By  Mather,  Rogers,  and  others  who  have  opposed 
Taoonic  system  the  Granular  Quartz  was  referred  to  the  Potfr 
dam  sandstone. 

These  considerations  seem  to  justify  the  conclusion  that,  con- 
trary to  tlie  opinion  of  Dr.  Emmons,  the  Granular  Quartz  shonM 
be  placed  at  the  top  instead  of  at  the  bottom  of  the  Taconi^j 
system,  and  that  the  Taconic  black  slate  underlies  it  unconfora- 
ably.     This  does  not  disturb  his  general  idea  that  the  Taconic »i 
a  sub  Potediim  formation,  even  using  the  term  Potsdam  in  i^| 
original  sense  as  here  defined.     It  is,  furthermore,  in  aeoordanoft; 
with  the  views  of  the  Swedish  geologists  to  find  the  qnartzyte  | 
(Paradoxi(les)  horizon,   lying  above  the  Olenellus  beds,  ani 
indicates  that  the  Braintree  (Mass.)  quartzytes  overlie  theBraia- 
tree  slates. 

[Note. — The  only  intimjition  that  the  writer  haa  been  able  to  find  thit  ifcti 
Granular  (Quartz  and  the  Rod  sundrook  had  ever  been  regarded  the  same  fonoir 
tion  by  the  eiirly  geologistij  is  a  statement  in  the  *'  Geology  of  Vermont,"  ViL 
T.  1>?G1  [i^wed  in  1^62,  Walcott),  p.  346.     It  is  by  Dr.  Edward  Hitchcock. aii 
in  the  following  words:    "A  narrow  strip  of  impure  limestone  partially  Wf^ 


'  Sixieenth  nsport  of  the  Minncaota  survey,  pp.  45,  46. 
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imtM  the  qnartz  rock  fh>m  the  Red  sandiock  in  Monkton.  The  limestone  giadn- 
aUj  thins  oat,  and  is  finally  lost,  so  that  the  qnartz  rock  and  the  sandiock 
nnite  with  each  other;  and  probably  the  line  of  junction  is  only  a  line  separat- 
ing different  degrees  of  metamorphic  action  npon  the  same  formation;"  bat  by 
different  geologists  both  the  Potsdam  and  the  Granular  Qnartz  have,  on  what 
seemed  good  evidence,  at  different  times  been  r^arded  as  the  equivalent  of 
the  Bed  sandrock.  Some  confusion  has  arisen,  as  it  seems,  in  the  use  of  the 
word  Potsdam,  by  the  geologists  who  have  examined  the  Champlain  valley  in 
the  same  manner  as  in  the  Mississippi  valley.*  Some  have  applied  the  term 
to  the  great  qnartzyte  (the  "Granular  Quartz''  in  its  different  positions)  and 
some  to  the  later,  looser  sandrock,  and  Calciferous  sandrock,  that  lie  unoonform- 
ably  on  the  qnartzyte,  and  some  to  both  varieties.  The  former  is  the  horizon 
of  the  Paradoxides  fauna,  from  New  England  to  Minnesota,  and  the  latter  is 
the  horizon  of  the  Dicellocephalus  fauna.  It  will  require  a  re-examination  of 
the  "  sandstone  of  Potsdam,"  at  the  typical  locality,  to  determine  the  question 
— which  is  the  true  Potsdam  sandstone  ?] 

The  age  of  the  Potsdam. 

Equivalent  names.  Under  this  heading  are  included  here  several 
local  designations  which  have  been  applied  by  geologists  to  a 
formation  that  extends  widely  over  the  United  States  and  Can- 
ada, the  uniform  characters  of  which,  as  well  as  its  fossils  and 
stratigraphy,  indicate  that  they  all  belong  to  one  great  qnartzyte 
horizon.  Some  of  these  various  names  are:  Granular  Quartz, 
Bed  sandrock,  Thessalon  qnartzyte  (of  the  original  Huronian), 
Teal  lake  qnartzyte,  No.  3,  or  quart zyte  group  (of  Dr.  Eominger), 
Baraboo  qnartzyte,  Wanswangoning  qnartzyte,  Pewabic  qnartz- 
yte, Sioux  qnartzyte.  Further  east,  it  may  be  represented  by 
the  quartzyte  at  Bralntree,  Mass.,  and  the  Paradoxides  beds  of 
Newfoundland.  Further  west  it  seems  to  exist  in  the  Mt.  Ste- 
phen section,  and  contains  the  fauna  of  the  Bow  Biver  group, 
and  of  the  "Prospect  Mountain"  quartzyte.  It  is  unquestion- 
ably found  in  the  Black  Hills,  but  fortunately  it  has  not  there 
received  a  si>ecial  name,  but  is  embraced  under  the  term  Pots- 
dam. This  is  essentially  the  horizon  of  the  Paradoxides  strata 
of  the  primordial. 

Unconformable  on  the  Taconic.  It  has  been  stated  that  this 
quartzyte  is  unconformable  on  the  Taconic.  This  is  sufficiently 
established  in  Vermont,   in  Michigan,  Wisconsin  and  in  the 

•  Emmont  notioed  the  difference  of  lithology,  but  not  the  unconfonnity  of  strati Acation. 
G0Oi.  tr  M  Y.,  Vol.  II,  1842,  p.  269. 

Dr.  Edward  Hitchcock  seems  to  hare  figured  this  unconformity  in  Vol.  I,  p.  265,  of  the  OeoU 
ogp  nf  Vermont,  but  he  considered  the  "  quartz  rock  "  here  to  belong  to  the  Laurentiau.    At 
Chasy  Mr.  Jules  Marooa  states  that  he  obserred  an  unconformity  between  the  Potsdam  and  the 
Chaiy  strata,  the  diyex^nce  of  dip  being  15  degrees.— 77^«  Taconic  system  and  its  position  in 
gttotigrapMe  geology.    Proc.  Am.  Acad.  Arts  k  Scl.,  Vol.  XII,  p.  19i). 
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Black  Bills  of  South  Dakota.  It  is  presumably  so  in  the  area 
of  the  original  Huronian.*  Such  a  widespread  non-oonformity 
indicates  that  the  Taconic  was  closed  by  a  widespread  epoch  of 
disturbance.  Since  the  Potsdam  is  carried  over  the  edges  of  the 
Taconic,  and  in  many  places  is  brought  into  contact  with  the 
''granite,"  which  may  be  supposed  to  be  older  than  either,  it  is 
evident  that  this  disturbance  was  followed  by  a  still  ftirther 
inroad  of  the  oceanic  waters  on  the  land  area  of  the  continent. 
This  submergence  has  efifectually  hid  the  Taconic  formation  from 
sight  over  very  extensive  areas,  and  led  the  geologists  who  saw 
the  Potsdam  lying  on  the  Primary,  in  New  York,  to  question 
the  possibility  of  a  formation  several  thousand  feet  in  thickness 
belonging  between  them.  It  also  produced  a  conglomeritic  com- 
position in  the  bottom  of  the  Potsdam  at  nearly  all  places  where 
the  bottom  beds  have  been  seen. 

Further  evidence  of  disturbance  during  the  Potsdam.  The  gradual 
or  paroxysmal  sinking  of  portions  of  the  continent  below  the 
ocean  during  the  Potsdam  age  was  accompanied  by  other  evi- 
dences of  disturbance  that  have  remained  undeniable  witnesses 
to  this  day.  There  were  both  basic  and  acid  eruptions  of  great 
volumes  of  molten  rock,  which  in  some  cases  were  interbedded 
in  the  Potsdam,  and  in  others  are  found  overlying  it.  These 
molteu  rocks  are  found  generally  to  lie  on  the  Taconic  and  the 
Potsdam  both,  but  their  date  of  outflow  is  fixed  later  than  the 
beginning  of  the  Potsdam  by  their  stratigraphic  relation  to  the 
Potsdam.  Beds  of  gabbro  are  evenly  spread  with  qnartzyte 
strata  above  and  below  them,  in  the  Pewabic  quartzyte  in  north- 
eastern Minnesota.  In  general  the  gabbro  lies  on  the  Animike 
(Taconic)  in  Minnesota,  but  a  favorable  observation  made  at 
Chub  ( Akeley)  lakef  demonstrates  that  this  quartzyte  was  pa^ 
tially  deposited  over  the  Animike  before  the  great  gabbro  flood 
occurred.  The  usual  immediate  overlie  of  the  gabbro  on  the 
beds  of  the  Taconic,  is  due  to  the  fstct  that  those  beds  were  nearer 
adjacent  at  the  points  of  issue  of  the  molten  rock.  It  also  lies 
on  the  Keewatin  as  well  as  on  theLaurentian;  while  the  Potsdam 
is  overwhelmed  and  nearly  lost  by  the  great  mass  of  lava  that 
issued  from  the  interior  of  the  earth  during  the  time  of  its  depo* 
sition.  While  the  gabbro  outflow  seems  to  have  been  the  most 
voluminous  and  remarkable  in  Minnesota,  and  to  have  been  the 


*  Id  the  St.  I^uis  valley,  near  Thomson,  the  basal  conglomerate  of  the  Potsdiun  la  ancoft 
formable  on  the  Thomson  (Taconic)  slates.    Tenth  Minnesota  report,  p.  83. 

t  Sixteenth  report,  pp.  86  and  87. 
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earliest  of  the  basic  Potsdam  eruptions,  in  the  area  of  the  orig- 
inal Haronian  the  Thessalon  qnartzyte  is  generally  cut  by  and 
buried  under  an  eruptive  of  a  slightly  different  kind,  more 
resembling  some  of  the  ''traps"  of  the  later  epoch.  There  is 
reason  to  suppose  this  may  be  due  to  one  of  two  causes.  1  st.  That 
at  the  time  of  the  gabbro  flood  in  other  regions  the  area  of  the 
original  Huronian  was  exempt  (or  nearly  so)*  from  eruptive  dis- 
turbance, and  that  the  later  basic  outflows  took  place  there  after 
the  region  was  elevated  above  the  ocean;  or  2nd.  That  while 
typical  gabbro  rock  was  being  extravasated  in  Minnesota,  and 
in  some  other  portions  of  the  country,  a  slightly  different  basic 
eruption  was  taking  place  in  the  area  of  the  original  Huronian. 
From  the  feet  that  some  gabbro  rock  is  found  in  the  region  of 
the  original  Huronian,  it  appears  that  the  former  of  these  hypoth- 
eses is  more  probably  correct,  and  that  there  as  well  as  in  north- 
eastern Minnesota,  the  basic  diabase  and  flner  trap-rock  charac- 
teristic of  the  most  of  the  Kewenawan,  were  of  somewhat  later 
date  than  the  gabbro.  That  these  darker,  diabase  traps  issued 
at  some  date  after  the  gabbro  flood,  is  evinced  not  only  by  the 
dikes  of  the  former  that  cut  the  latter,  but  also  by  the  remarka- 
ble puddingstones  of  gabbro  that  are  formed  by  the  indosure  of 
isolated,  transported  masses  within  the  diabasic  sheets,t  seen 
in  the  vicinity  of  Beaver  Bay. 

This  basic  eruption  characterizes  this  geological  horizon 
th  roughout  its  extent  in  Minnesota,  but  toward  the  east  it  seems 
not  to  have  been  so  chai*acteristic.  It  prevailed  in  some  parts 
of  Oanadat,  and  disturbances  in  the  so-called  ''  Quebec  group" 
appear  to  involve  this  horizon  of  rocks.  The  Adirondack  region 
has  not  been  examined  except  about  its  margin.  It  is  believed 
that  this  quartzyte  exists  in  many  places  involved  with  the  gab- 
bro rocks  of  those  hills.  Its  outcrops  about  the  flanks  of  these 
hills  have  been  described  at  places  where  most  accessible  and 
named  Potsdam  sandstone.  These  descriptions  are  applicable 
to  this  quartzyte  in  Minnesota — even  to  the  vitrifled  surfaces 
that  are  so  common  in  the  west,§  and  which  are  not  known  to 

•OiM  nnall  knob  of  gml>bro  wm  seen  near  Otter  Tall  village.    Compare  16th  report,  p.  29. 

\  Xonrood,  In  Owen's  report  on  Iowa,  Wiscoiuin  and  Minnesota,  p.  866 ;  also  Ninth  Rep. 
Hian.  Sar.  pp.  bO-Sl;  Tenth  Bep.  Minn.  Sur.,  pp.  112-118. 

(Geology  of  Canadft,  1868,  p.  488,  865,  875,  879 ;  Creology  of  New  York,  1843,  Mather.    Part  I, 
P-444. 

{Geologj  of  Minnesota,  Vol.  II,  1888,  page  516,  foot  note.    Geology  of  New  York ;  .Second  dis- 
**^^%  EmmoDB ;  p.  289. 
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have  been  seen  on  any  other  formation  though  exposed  in  dm- 
lar  cirenmstances. 

Po9t-gahbro  eruptions  of  the  Potsdam  age.  It  has  been  difficott 
to  affirm,  until  recently,  the  age  of  the  gabbro  outflow.  It  ha 
generally  been  considered  to  have  followed  the  Animike  (Taconie] 
but  that  it  was  later  than  the  commencement  of  the  PotBdamm 
not  known  to  the  writer  till  he  made  the  observatioDS  referred 
to  above.*  What  were  the  relations  of  the  later  basic  emptkn 
of  the  '*Kewenawan"  to  the  gabbro  has  been  described  by  Pirf 
Irving  and  by  numerous  other  observers.  There  is  no  reason  to 
affirm  a  long  lapse  of  time  between  them,  sufficient  to  allow  tk 
formation  of  an  oceanic  terrane  requiring  special  designatioii 
The  later  eruptive  rock  embraced  and  probably  transpoitfli 
loosened  masses  from  the  gabbro,  as  evinced  in  the  "feldqff 
masses"  described  by  Norwood  near  Beaver  Bay  on  the  noitt 
shore  of  lake  Superior,  and  the  puddingstones  observed  by  tk 
writer.  But  this,  rather  than  indicating  a  long  interreniV 
time,  seems  to  imply  a  quick  succession  in  the  eruptions,  oreki 
a  continued  elevation  above  the  sea  so  as  to  prevent  the  aoa- 
mulation  of  intervening  sediments.  That  there  was  no  exeap- 
tion  from  sedimentation  after  the  gabbro  is  shown  by,  (1)  thi 
absence  of  any  sign  of  ancient  land  surfoce,  (2)  by  the  cfftUt 
ued  and  frequent  interbedding  of  eruptive  and  sedimenttfT 
rocks  through  the  entire  Kewenawan  (Geol.  of  Wis.  Vol.  nip- 
403),  and  (3)  by  the  gradual  transition  of  the  basal  congloB- 
erate  of  the  Potsdam,  in  favomble  places,  from  a  silioeoas,  or 
pebbly-quartzose,  character,  through  a  siliceous  sandrock  to  i 
feldspathic  sandrock,  and  to  a  pebbly  volcanic  tuff.  SuehtraDfr 
tions  are  frequent  on  the  north  shore  of  lake  Superior.  0^^ 
the  most  important  observations  was  recorded  in  1879, t*^ 
the  bivsal  quartzose  conglomerate  of  the  Potsdam  was  foandi 
dipping  in  consonance  with  the  shales  and  tufaceous  congloB- 
erates  of  the  overlying  Kewenawan,  in  the  St.  Louis  valkfj 
unconformable  over  the  Thomson  slates,  and  embracing  lenticfl- 
lar  spotvS  of  shaly  rock  and  red  (Kewenawan)  conglomerate* 
constituent  and  conformable  parts  of  itself.  This  shows  a  coi- 
formablo,  though  somewhat  intermittent,  course  of  sedimentl- 
tion  from  the  l>aKiil  conglomerate  into  the  typical  detritus  of  tii« 
overlying  beds  of  the  Kewenawan;  the  interruptions  and  tl 
changes  in  the  nature  of  the  sedimentation  being  attribntableW 

♦.Sixtwuth  anniinl  ri'jM»rt,  pp.  W  ami  "^J*. 
t Tenth  report, pp.  11.  :hJ,  a::. 
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e   disturbances  that   took  place  in  the  adjoining 
will  be  seen  at  once  that  this  links  the  Kewenawan 
ro,  and  both  to  the  Potsdam. 

tions  during  the  Potsdam.  The  dynamic  forces  that 
bring  molten  basic  rock  to  the  sarface  of  the  earth 
«m  Minnesota  also  softened  the  acidic  strata  of  the 
which  in  some  places  seems  to  have  cnlminated  in 
3rotmsions  and  lateral  displacements  of  large  masses, 
eruptions,  ranging  from  felsitic  to  granitic,  are  of 
unts  in  Minnesota  and  Wisconsin.  Sometimes  they 
Act  with  the  Taconic  strata  as  at  Duluth  (10th 
),  sometimes  with  the  Potsdam,*  and  sometimes  with 
uptions  of  the  Potsdam,  f  They  are  seen  in  contact 
oonic  slates  of  the  original  Huronian  (16th  Beport), 
)em  to  be  the  direct  result  of  change  from  some  sedi- 
iceous  strata. 

this  feature  of  the  Potsdam  is  persistent  through 
lada,  and  in  New  England,  is  uncertain,  owing  to 
ice  of  definite  ^'Laurentian"  theories  as  to  the  age 
he  granitic  rock  that  geologists  have  studied  in  that 
country.  There  is,  however,  every  reason  to  affirm 
d  and  profound  volcanic  disturbance^  extending  from 
!ills,  at  least,  to  Vermont  and  eastern  Canada,  that 
le  Potsdam  era  and  closed  with  that  era,  and  that 
results  in  the  forms  of  acid  as  well  as  basic  eruptive 
Qtioned  above  for  the  Northwest,  must  characterize 
Ion  in  New  England,  there  is  good  reason  to  expect, 
e  descriptions  of  such  phenomena  have  been  pub- 
.  Hitchcock  mentions  some  Potsdam  schists  that  con- 
1  of  granite  whose  feldspar  is  labradorite"  (Geol.  of 
ol.  I,  p.  264).  There  are  many  instances  published 
lates  of  the  Taconic  including  the  granular  quartz 
^  as  to  run  beneath  masses  of  granitic  rock,  but 
jibility  has  been  negatived  promptly  by  resort  to 
ypothesis  of  a  fault,  to  bring  up  the  "Laurentian.'' 
s  describes  such  instances.:]:  Similar  facts  have  been 
by  Prof.    C.    H.  Hitchcock§  in   New  Hamx)shire, 

ViBconsin,  Vol.  II,  i)p.2ol,  SiiC,  i522. 
report,  p.  110. 


Sew  York:  Second  district,  IMi,  pp.  141, 14,'S,  159.    Agriculture  of  New  York 
BOlogUt,  April,  ISSy,  p.  -I'ti.    Gt?ology  of  New  Hampshire. 
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although  there  is  no  certainty  that  the  slates  described 
are  of  the  age  of  the  Taconic.  Prof.  Hitchcock  makes  i 
apparent  that  the  granites  of  New  England  cannot 
placed  in  the  Laurentian  any  more  than  they  can  in  Mil 
The  Potsdam  age  closed,  therefore,  with  the  cessation 
disturbances  and  volcanic  emptions  which  introduced  i 
beds  that  were  formed  were  left  in  upturned  and  fractal 
tudes  for  the  attacks  of  the  succeeding  St.  Croix  age. 
strata  embraced  not  only  the  basal  quartzyte  of  the  P 
but  the  gabbro,  and  all  the  succeeding  eruptions  that  ai 
in  the  Keweenawan.  Here  would  necessarily  appear  a 
and  extended  plane  of  unconformity,  and  this  fiBK^,  whc 
ciently  recognized,  will  be  found  to  distinguish  the  r 
many  places — whether  Potsdam  or  St.  Croix — and  beac 
by  which  to  judge  of  their  stratigraphic  place  in  the  ge 
column.  In  other  words,  the  Potsdam  is  unconformable 
older  gneiss  and  slates  and  schists,  and  is  cut  and  cov< 
eruptions  of  the  same  age  as  itself.  It  would  not  non 
found  unconformable  on  rocks  of  its  own  age  over  wid( 
although  contemporaneous  disturbance  might  certainly ; 
local  non-conformity.  The  later  formations  may  show  i 
formity  over  wide  areas  of  the  rocks  of  the  Potsdam,  a 
we  find  to  be  the  fact. 

The  age  of  the  St.  Croix  sandstone. 

That  it  may  be  made  plain  to  the  reader  just  what  sti 
considered  by  the  writer  the  Potsdam  sandstone,  this 
may  be  carried  one  step  further.  This  is  the  more  n« 
inasmuch  as  some  of  the  steps  in  the  history  which  a 
known  in  the  Northwest,  have  not  yet  been  recognized, 
not  been  admitted  as  facts,  by  most  of  those  who  have  e: 
the  geology  of  the  Champlain  valley.  It  appears  \^isAt 
widespread  succession  of  physical  changes  affected  tb 
paleozoic  and  crystalline  terranes  in  America  with  a  un: 
of  effect  that  is  surprising,  and  which  leads  to  very 
questioning  of  the  doctrine  that  formations  can  not  be  re( 
by  their  lithology  from  place  to  place  because  of  the  lial 
physical  change.  There  is,  in  fact,  a  remarkable  i>ersifl 
lithologic  characters,  and  of  stratigraphic  relationship,  1 
Minnesota  and  New  England.  The  satisfactory  establish 
some  points  in  the  geology  of  the  Northwest  throws  ma< 
on  moot  points  in  the  geology  of  the  east.     While  most  o 
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Ancidenoes  and  identities  have  to  be  reserved  to  a  later  dis- 
lasion,  one  of  the  most  interesting  concerns  immediately  the 
yrmatlon  which  Ib  nnder  consideration — the  8L  Croix  sandstone 
f  the  Mississippi  valley,  and  its  relation  to  the  Potsdam. 

The  separaieness  of  the  St.  Croix  from  the  Potsdam.  It  has  already 
Men  stated  that  some  confosion  has  been  introdaced  by  the  nse 
if  the  term  Potsdam  by  different  writers  in  different  senses. 
Chisbegan  with  the  early  descriptions  of  the  geology  of  eastern  New 
fork,  Vermont  and  Canada.  This  confusion  was  one  of  the  most 
Atrosive  problems  that  confronted  the  writer  in  1872  in  the 
areparation  of  his  first  annual  report.  In  order  that  a  more 
Ignite  understanding  might  attach  to  whatever  he  should  be 
iilled  on  to  publish  respecting  this  horizon  he  chose  to  designate 
iihe  lower  formation  Potsdam  and  the  upper  one  St.  Croix,  and 
ihiB  distinction  has  been  observed  in  the  later  publications.  If 
lot  correct  it  has  at  least  sei*ved  to  give  definiteness  to  all 
liB  descriptions. 

This  problem  was  given  pointedness  a  short  time  prior  to  the 
i^nning  of  the  Minnesota  survey  by  the  writings  of  Prof.  E» 
3.  Irving,  who  had  shown  that  in  Wisconsin  the  upper  forma- 
tion was  unconformable  on  the  lower. ^  Irving' s  papers  on  the 
Ifisconsin  quartzytes  proved  the  existence  of  two  formations  in 
)laoes  where  hitherto,  by  some,  there  had  been  supposed  to  be 
Mt  one,  and,  assuming  the  upper,  or  horizontal,  beds  to  be  the 
Potsdam,  based  on  the  conjectures  of  Prof.  James  Hall  published 
A  the  Sixteenth  (N.  Y.)  Regents'  report,  he  announced  the 
ipper  one  to  be  the  equivalent  of  the  New  York  formation  and 
lie  lower  one  he  relegated  to  the  ''  Huronian,"  that  convenient 
imbo  to  which  it  has  been  customary  to  consign  uncertain  strag- 
^erefrom  the  upper  '*  Silurian"  and  from  the  nether  '^Lauren- 
bo."  It  was  not  presumed  at  that  time  that  the  geology  of  the 
Vorthwest  would  be  found  to  tally  closely  with  that  of  New  York, 
md  as  there  was  no  mention  of  such  a  great  ^^Huronian" 
Vurtzyte  there,  nor  in  New  England,  the  presumption  was  that 
Bie  "Huronian  "  was  a  formation  that  affected  Canada  and  the 
Borthwest,  and  that,  therefore,  this  great  northwestern  quartzyte 
^oold  not  be  found  further  east  than  the  northern  shore  of  lake 
Biiron.    Only  the  **  Potsdam''  was  described  in  eastern  New 

^ym  pushing  the  distinction  further  east,  however,  and  upon 
vddng  a  wide  study  of  the  older  terranes,  which,  when  better 

•  A».  Jwf.  8d,  Feb.,  1872;  April.  1872. 
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anderstood,  are  foand  to  exhibit  a  snrprisiDg  concord  ol  essen- 
tial features  with  those  of  more  eastern  as  well  as  western 
regions,  it  is  found  that  there  is  every  reason  to  believe,  not 
only  that  there  exists  the  same  great  underlying  qoartzyte  in  * 
New  England  and  eastern  New  York,  but  that  there  are  unmis- 
takable evidences  of  the  same  non-conformity  between  it  and 
the  overlying  horizontal,  or  nearly  horizontal,  beds.  Moreover, 
it  is  equally  plain,  on  making  an  examination  of  descriptions 
that  have  been  published  by  the  eastern  geologists,  that  both  the 
formations  have  been  with  great  positiveness  called  Potsdam 
sandstone.  It  is  very  evident  that  no  little  misunderstanding 
has  resulted  from  a  failure  to  observe  and  acknowledge  this 
important  line  of  non -conformity.  But  wherever  it  has  con- 
fronted the  geologist  in  Vermont  or  eastern  New  York,  it  has 
been  glided  over  indifferently  or  has  been  accounted  for  by  some 
outre  hypothesis,  such  as  "overturn"  or  " fault,"  or  temporary 
"non-deposition,"  or  " metamorphism  from  contact  with  the 
Primary." 

In  order  to  support  this  statement  some  references  will  be 
made  to  the  published  descriptions  of  the  "Potsdam"  in  New 
York.  No  reference  will  be  made  to  the  Granular  Quartz  nor 
the  Eed  sandstone,  both  of  which  the  writer  believes,  as  the 
reader  will  have  observed,  are  identically  and  only,  the  Pots- 
dam formation;  but  to  some  statements  concerning  the  "Pots- 
dam sandstone"  as  understood  by  the  geologists  who  made 
them. 

Emmons.  In  his  report  on  the  geology  of  the  Second  District, 
1842,  Dr.  Emmons  uses  these  words  in  describing  the  Potsdam 
in  Essex  county — "In  consequence  of  this  rock  presenting  two 
quite  distinct  varieties,  and  those  varieties  being  well  developed, 
the  one  at  Potsdam,  St.  Lawrence  county,  and  the  other  at 
Keeseville,  I  have  sometimes  given  it  a  compound  name — the 
Potsdam  and  Keeseville  sandstone;  for  the  reason  that  at  the  former 
place  a  beautiful  granular  variety,  and  at  the  latter  a  harder  and 
more  crystalline  mass  predomiuat'Cs,  which  resembles  the  gran- 
ular quartz  of  the  Tarouic  system."  Near  Keeseville  the  rock 
that  outcrops  he  describes  as  exhibiting  some  interesting  changes 
upon  the  surface  of  the  layers,  presenting  "a  smooth  and  semi- 
vitreous  surface — a  kind  of  glazing;"  by  which  he  seemsto  have 
meant  the  same  polished  or  glazed  surface  that  appears  frc- 
quently  on  the  Potsdam  in  Minnesota.  It  is  plain,  therefore,  that> 
Emmons    noted  the   contrasting  lithology,  but,  so  far  as  th^ 
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las  observed,  he  did  not  recognize  any  nnconformity  in 
Dtsdam,"  or  between  it  and  the  Galciferons. 
tehcock.  There  is  not  mnch  doabt  that  Dr.  Hitchcock 
cactly  an  unconformity  between  the  two  formations  at 
[aven  (Geol.  Vermont,  Vol.  I,  p.  265),  bat  he  regarded 
er  one  as  a  part  of  the  ''Laurentian,"  and  the  apper  as 
sdam.  He  states  that  ^'theonly  wayofdistingaishing  the 
}ian  character  of  the  [lower]  deposit  is  by  the  higher  dip 
brata,  a];>on  which  the  Potsdam  sandstone  rests  uncon- 
y.  A  section  passing  across  the  south  end  of  West 
in  fig.  168,  represents  the  unconformable  relations  of  the 
lian  rocks  and  the  Potsdam  sandstone  to  each  other. 
t)  not  for  this  discordance  in  the  stratification  we  should 
the  lower  rock  as  Silurian  because  it  does  not  differ 
ically  from  the  sandstone  aboi'e.  But  in  following  the 
lorthwardly  the  quartz  rock  becomes  more  gneissoid. 
'  the  specimens  in  the  cabinet  are  very  distinct  gneiss, 
them  with  the  labradorite,  the  characteristic  species  of 
spar  of  the  Laurentian  series.'' 

le  reader  compare  the  description  of  the  ^'quartz  rocks" 

iaurentian  with  the  following  description  of  the  ^'Pots- 

t  the  same  place. 

third  variety  very  closely  resembles  the  Laurentian 

It  seems  to  pass  into  it  by  insensible  gradations.     The 

ns  obtained  are  from  the  southwest  part  of  West  Haven. 

constituents  of  this  rock  are  very  small,  and  occasionally 

sparer  the  mica  may  be  wanting     *    *    *    Associated 

ese  crystalline  schists  are  veins  of  granite,  whose  feld- 

labradorite.     This  mineral  is  mostly  confined  to  rocks 

le  Silurian  system;  and  in  West  Haven  it  extends  only  a 

into  the  base  of  the  Silurian,  and  that  in  small  veins 

ree  to  ten  inches  wide. 

unconformability  of  the  dip  of  this  rock  to  the  Lauren- 
leath  [sic]  may  be  seen  at  the  extreme  southern  point  of 
aven.  Upon  the  lake,  opposite  the  termination  of  the 
[  the  dip  of  the  older  rock  is  36°  East,  and  only  a  few 
st  the  dip  of  the  sandstone  is  only  9°  East.  As  the  south 
West  Haven  terminates  in  a  clifl'  this  section  can  be 
itinctly  from  quite  a  distance.  The  rock  with  the  greater 
8  distinctly  quartz  rock  as  the  other,  and  there  is  also  a 
dge  of  quartz  rock  upon  the  west  side  of  lake  Champlain 
e  same  inclination.     Hence  the  sudden  change  in  the  dip 
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is  to  be  regarded  as  a  safer  distinction  between  the  Silnrian  tsA 
Laurentian  series  than  a  difference  in  lithological  character.'- 

Setting  aside  Dr.  Hitchcock's  identification,  either  of  theM- 
lowing  interpretations  of  the  facts,  in  the  light  of  what  has  since 
been  learned  of  the  geology  of  the  Taconic  and  the  grannlar 
qnartz,  wonld  be  possible.  (1)  The  lower  rock  is  the  Potsdui 
(granular  quartz)  and  the  upper  is  the  St.  Croix;  or  (2)  The  sap- 
pose<l  unconformity  is  only  an  illusive  appearance  in  the  same 
formation,  perhaps  false  bedding,  or  oblique  stratification,  or  a 
sheeted  disintegration  which  sometimes  is  superinduced  bf 
weathering  even  in  the  firmest  crystalline  rocks.  In  the  ligbt 
of  fiirther  considerations  the  latter  explanation  seems  mort 
probable. 

(a)  Prof.  C.  B.  Adams  had  stated  in  his  first  annual  report 
that  the  Potsdam  sandstone  only  reached  within  half  a  milerf 
the  state  line  near  Whitehall,  and  did  not  enumerate  it  at  all  in 
his  table  of  Vermont  formations.*  If  this  were  true  it  would  be 
necessary  to  consider  this  West  Haven  quartzyte  as  the  Bed 
sandrock  or  the  granular  quartz.  Either  of  these  explanatioDS, 
to  so  strong  an  opponent  of  the  Taconic  as  Hitchcock  was  at 
that  time,t  would  be  avoided  if  possible.  For,  to  class  it  ass 
part  of  the  Red  sandrock  spur  that  shoots  southward  from  the 
town  of  Monkton,  the  last  remnant  of  which  his  map  represents 
on  the  south  line  of  Orwell,  bearing  in  a  direction  toward  West 
Haven,  only  seventeen  miles  distant,  would  be  to  bring  the 
'*  Medina  sandstone"  below  the  Calciferous  which  exists  in  the 
immediate  vicinity  and  into  contact  with  the  Laurentian;  which 
would  necessitate  the  abandonment  of  the  **metamorphic"  ides 
that  the  Ked  sandrock  and  all  the  Taconic  rocks  were  changed 
conditions  of  the  Lower  and  Upper  Silurian  of  the  Champlain 
system  of  New  York.  Also,  to  admit  that  it  is  an  outcrop  of 
the  Granular  Quartz  of  Dr.  Emmons,  would  in  like  manner 
bring  the  Gmnular  Quartz  beneath  the  Calciferous  and  even 
unconformably  beneath  another  sandstone  that  might  be  the 
Potsdam;  this  would  substantially  confirm  everything  (tol 
Emmons  claimed  for  his  Taconic.  These  alternatives  were 
clunLsily  obviated  by  introducing  the  Laurentian.  That  this 
** Laurentian"  is  the  gabbro  of  the  Potsdam  age  is  probable 
from  the  nature  of  the  feldspar  which  it  is  said  to  contain. 


♦First  annual  n'jiort,  (ieology  of  Vermont,  1845,  p.  61. 

tit  is  evident  that  a  change  of  opinion  was  accomplinbed  in  Dr.  Hitchoock'd  minddoiiU 
the  pro] larat inns  of  this  refiort.    This  is  intimated  in  Vol.  I,  p.  435. 
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.  Mather.  So  fi^r  as  discoverable  all  the  descriptions  of 
.  by  Prof.  Mather*  apply  to  the  lower  or  qaartzyte  divi- 
[e  notes  repeatedly  his  belief  that  the  Granular  Qaartz 
imorphic  condition  of  the  Potsdam. 
nuxem  distinctly  mentions  the  same  varieties  of  rock 
Dtsdam  as  Dr.  Emmons,  and  employs  the  double  desig- 
Potsdam  and  Keeseville  sandstone,"  but  he  mentions 
iformity.  He  intimates,  however,  that  the  Potsdam,  in 
textured  variety,  is  with  difficulty  distinguished  from 
iferous  sandrock.  The  latter  he  describes  at  numerous 
I  immediate  contact  on  the  primary. 
n.  Logan.  In  the  Geoloffy  of  Oanadaj  1863,  this  formation 
iedinto  ''Potsdam  group,"  and  includes  a  thickness,  on 
iawreuce  river,  of  540  feet.  This  group  embraces  not 
true  Potsdam  but  several  beds  of  conglomerate,  white 
le  suitable  for  glassmaking,  fucoidal  beds,  limestones  and 
ir  breccia  like  that  described  by  Emmons  at  Chazy  and 
eparate  the  Potsdam  from  the  Calciferous.  The  fauna 
ppertains  to  the  upper  layers  is  that  characteristic  of 
iferous.  It  is  evident  that  the  true  Potsdam  is  here 
led  with  the  overlying  St.  Croix-Calciferous,  and  that 
iferous  is  restricted  in  the  words  of  Logan,  essentially, 
anular  magnesian  limestone  or  dolomite,  which  from  its 
eathered  surfEu^  and  slight  effervescence  with  acids  may 
ggested  the  name  of  Calciferous  sandrock.-'  In  the 
'eports  the  Potsdam  had  not  been  recognized  about  lake 
but  the  lower  great  quartzyte  had  been  included,  along 
the  strata  equivalent  to  the  Taconic  under  the  term 
kU.  His  opinion  of  some  quartzyte  beds  on  Murray  bay 
t  first  Logan  regarded  as  Potsdam,  and  which  he  so 
d  (^Geol.  of  Can.  J 1863,  p.  96),  he  modified  by  adding  afoot- 
ting  that  it  had  been  ascertained  by  Dr.  Dawson  that 
[uartzytes  really  belong  to  the  Laurentian  series." 
HdU,  The  Potsdam  sandstone  does  not  occur  in  the 
District,  on  which  Mr.  Hall  reported,  but  he  examined 
)  north  side  of  lake  Ontario,  and  subsequently  on  lake 
r  and  in  the  Mississippi  valley.  His  general  description 
sport  on  the  Fourth  District  is  such  as  would  apply  to 
IT  qnartzitic  portion. 

laike  Superior  report  of  Foster  &  Whitney  (1851)  the 
Lch  was  inaugurated  by  Logan  in  the  creation  of  the 

f  of  Now  York,  First  District,  1S43. 
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'' Potsdam  gronp,"  embracing  the  qoartzyte  and  the  overlying 
sandstone  in  one  designation,  was  completed  by  the  entire 
severance  of  the  lower  formation  from  the  name,  and  its  applica- 
tion only  to  the  npi>er  or  nearly  incoherent  sandstones.  At  the 
same  time  the  qnartzyte,  along  with  all  the  strata  of  the  Taoonic 
associated  with  it,  were  included  in  the  ''Azoic,"  embracing 
both  the  Lanrentian  and  Haronian.  This  npward  movement  of 
the  names  of  the  Xew  York  formations,  is  shown  by  the  following 
words  (p.  114):  ''The  Potsdam  sandstone  of  New  York  is  a 
qnartzose  rock  whose  particles  are  firmly  aggregated,  while  the 
the  same  rock,  on  the  northern  slope  of  lake  Michigan,  is  so 
slightly  coherent,  that  it  may  be  cmshed  in  the  hand.  The 
Calciferoos  sandstone  of  New  York,  when  traced  west,  jmsses 
into  a  magnesian  limestone."  This  supposed  change  in  the 
nature  of  the  formations  toward  the  west  is  largely  imaginary; 
the  change  seems  to  consist  rather  in  the  transference  of  the 
original  names  to  strata  higher  in  the  scale,  and  the  creation  of 
new  names  for  the  abandoned  strata.  All  the  authors  of  this 
report,  including  Prof.  James  Hall,  apply  the  name  Potsdam 
only  to  the  friable  sandstones  which  are  unconformable  with  the 
Copper-bearing  traps  and  basalts  which,  as  already  shown,  are 
of  the  age  of  the  lower  quartzyte. 

As  to  the  paleontology  of  the  Potsdam  in  New  York,  which  is 
quite  meagre  if  the  more  recent  additions  from  the  Galciferous  be 
disregarded,  an  interesting  problem  centres  on  the  fossils  Lingula 
(Obolella)  prima  and  (Lingulepis)  antiqua.  By  Prof.  Hall 
these  are  assigned  to  the  Potsdam.  In  respect  to  L.  prima  it  is 
reported  at  Keeseville  on  the  authority  of  Dr.  Emmons,  and  it 
is  reported  from  the  Mississippi  valley  on  the  St.  Croix  river. 
To  the  writer  the  St.  Croix  beds  have  been  known  for  some 
years  as  belonging  about  to  the  horizon  of  the  Calciferous,  and 
they  have  l>een  so  parallelized  by  Irving.*  The  Calciferous, 
here  including  the  magnesian  limestone  known  as  Lower  Mag- 
nesian, is  unconformable  on  the  trap  rock,  and,  in  common  with 
the  sandstone  underlying  it,  becomes  couglomeritic  by  reason  of 
such  unconformable  cont>iict.  The  beds  here  exposed  are  not  so 
low  as  the  lower  layers  at  Stillwater  where  the  first  specimen  of 
Dikellocephalus  was  discovered  by  Dr.  Owen.  It  would  seem, 
therefore,  if  we  can  depend  on  the  indications  of  paleontological 
evidence,  that  the  Potsdam  at  Keeseville,  containing  Lingnla> 
prima  would  be  considered  substantially  the  parallel  of  the  Caldf— 

•  I.'.  S.  fieol.  bur.    MoDOgr.  V.  Copper-beariog  ruck,  of  lake  Sjuperior,  p.  446. 
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^  at  Taylor's  Falls  in  the  St.  Croix  valley.  What  are 
i  f  On  re-examining  Dr.  Emmons'  description  of  the  sand- 
I  the  An  Sable  river  in  his  report  on  Essex  county,  he 
t  this  general  range  of  sandstone,  containing  theLingnla. 
coording  to  Hall,  reposes  against  the  hypersthene  rock,  (i.  e., 
bro)  and  contains  Lingnla  antiqna ;  and  Prof.  Hall  cor- 
ds indentification  of  Emmons  by  saying  the  species 
by  him  from  this  place  is  not  L.  antiqua  but  L.  acumin- 
Gonrad,  which  is  a  Calciferous  species,  and  does  not 
\/0  his  knowledge,  in  the  Potsdam.*  Therefore  all  the- 
e  from  paleontology  and  from  stratigraphy,  so  for  as  it 
gathered  from  the  report  of  Emmons  and  the  first  vol- 
the  Paleontology  of  New  York,  indicates  that  the  beds 
)t.  Croix  are  the  equivalent  of  those  described  at  Keese- 
id  that  both  belong  to  the  Calciferous ;  at  least  that  they 
1  later  than  the  eruptive  epoch  of  the  Potsdam  as  here 

)rief  examination  of  some  early  descriptions  of  the  Pots- 
New  York,  which  might  be  extended  to  include  several 
ames,  is  sufficient  to  prove  the  truth  of  the  foregoing 
nt  that  the  distinction  which  has  been  made  in  the  North- 
aid  with  propriety  also  be  made  in  the  East,  and  that  a 
>f  non-conformity  between  the  Potsdam  and  the  Cal- 
I  extends  through  eastern  New  York  and  Vermont,  and 
^re,  as  in  Minnesota,  the  upper  (St.  Croix)  sandstone  has 
affiliations  with  the  strata  that  succeeded  the  break  than 
ose  that  preceded  it. 

is  review  it  is  assumed  that  the  '*  sandstone  at  Potsdam" 
id  this  non-conformity.  It  is  evident  that  some  re-exami- 
ihould  be  made  of  the  region  before  this  can  be  considered 
bed.  Dr.  Emmons,  in  bis  section  passing  from  Canton 
}hville  (Plate  ix.  Geol.  of  New  York)  shows  that  gneiss  ex- 
Potsdam  below  the  sandrock,  and  this  rock  he  always 
lefinitely  distinct  from  hypersthene  rock,  which  he  argues 
vated  at  a  later  date  than  the  Green  mountains.  The 
lism  of  position  between  the  Potsdam  sandstone  at 
tn,  and  the  Granular  Quartz,  in  this  respect,  both  lying 
18  gneiss,  not  only  indicates  a  possible  parallelism  of  age, 
it  they  are  possibly  older  than  the  Keeseville  sandstone 
rests  against  the  hypei*sthene  rock, 
ftirther  assumed,  in  this  review,  at  least  in  making  the 

putln  the ** Potsdam  group"  by  Logan,  Gcol.  of  Can.,  1863,  p.  102. 
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extension  of  the  western  parallels  to  the  east,  that  the  gabbtoof 
the  Northwest  is  the  chronologic  analogue  of  the  hypentihene 
rock  of  the  Adiroudacks.  The  lithology  is  identical,  except 
that  various  *  limestones"  are  mingled  with  the  hypersUiene 
rock  which  have  not,  so  for  as  known,  any  parallels  in  the  gab- 
bro  of  the  Northwest.  This  assumed  parallelism  may  also  be 
set  down  as  not  sufficiently  established. 

It  is  also  assumed  that  the  Pewabic  quartzyte  of  northeastern 
Minnesota,  with  which  gabbro  is  interbedded  and  which  lies bdow 
the  great  gabbro  overflow,  is  the  equivalent  of  the  Wanswaagoa- 
ing  quartzyte  and  of  the  Pipestone  quartzyte  of  the  south  weston 
part  of  the  state  carrying  a  primordial  &una,  which  last  is  veif 
certainly  the  equivalent  of  the  Thessalon  quartzyte  of  the  origioftl 
Hurouian.  Still  the  Pewabic  quartzyte  may  not  hold  this  relation 
to  the  Wauswaugoning  beds;  the  connection  has  not  beea 
traced;  yet  they  seem  to  be  similarly  situated  with  respeet 
to  the  gabbro  sheet,  and  are  not  widely  separated  from  etdi 
other. 

The  writer  has  attempted  to  indicate  such  general  equivalency 
as  has  appeared  to  him  probable,  and  which  embraces  a  greater 
fund  of  concordant  fact  and  testimony  than  any  other  scheme  of 
chronologic  succession.  He  may  be  wrong  in  some  parts  of 
this  history,  and  especially  in  the  extension  of  the  story  as  made 
out  in  Minnesota  to  eastern  states,  and  holds  it,  in  large  measaie, 
as  tentative  at  this  stage  of  the  investigation.  When  tsuc^  can 
be  found  out  sufficient  to  correct  it  in  any  way,  he  will  be  glad 
to  welcome  them,  for  he  freely  admits  that  there  are  questionable 
steps  and  missing  links  in  the  history,  which  have  to  be  bridged 
by  hypothesis  and  nothing  else.  That  is,  however,  the  nature  of 
all  investigation,  and  especially  of  all  attempts  to  formulate  anf 
general  truth. 

PROBLEMS  THAT  NEED   FURTHER  INVESTIGATION. 

As  already  stated,  as  this  investigation  has  proceeded,  no 
sooner  did  we  surmount  the  difficulties  which  immediately  beset 
the  fii*st  attempts  than  new  difficulties  appeared.  The  solation 
of  one  problem  seems  to  serve  for  vantage  ground  to  behold 
others  in  the  greater  distance.  It  will  be  desirable  to  mention 
some  of  the  questions  that  appear  at  present  to  require  fhrtlier 
study,  and  further  field-work.  This  will  distinguish  more  exactly 
the  status  of  our  present  knowledge,  or  body  of  truth  on  whiA 
we  rely,  from  the  realm  of  hypothesis  or  of  unfinished  work  and 
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research,  to  which  it  will  be  necessary  to  devote  the  efforts  of  the 
sarrey  at  some  future  date. 

Bmptlve  a}\d  8edimentary  Laureiiiian.  Beginning  with  the 
Lanrentian,  as  defined  above,  one  of  the  unfinished  courses  of 
fitndy  relates  to  the  distinctions,  both  geographic  and  structural 
and  petrographic,  between  the  eruptive  masses  of  syenite,  or 
granite,  and  those  that  are  supposed  to  have  resulted  from 
change  in  situ  of  tlie  oldest  sediments.  This  will  involve  the 
farther  question  whether  the  '^gneissic  structure"  is  necessary, 
or  even  possible,  in  a  truly  eruptive  rock.  But  first  of  all  it 
will  necessitate  a  correct  definition  of  the  term  ''gneissic  struc- 
ture." 

There  are  three  distinct  ideas  that  have  been  confused  under 
the  term  gneiss,  or  gneissic  structure.  Xo  reference  is  made  here 
to  the  use  of  the  term  gneiss  as  a  rock  species,  but  to  the  strnc- 
tare  which  is  supposed  to  disti  nguish  it,  the  proportionate  amounts 
of  the  usual  mineral  Ingredients  being  variable,  and  sometimes 
constituting  a  dark-colored,  perhaps  basic,  rock,  and  at  other 
times  an  acidic  one.  Referring  only  to  sirHcture,  therefore,  a 
rock  has  been  said  to  be  gneissic  when  foUated;  but  it  is  plain 
that  there  maybe  different  kinds  of  foliation,  (a)  that  lamination 
▼hich  consists  of  an  undulating  layered  structure,  the  mica 
element  not  being  unevenly  distributed,  but  all  the  scales  being 
parallel  with  the  sheeting,  and  all  the  grain  of  the  rock  having 
a  uniform  structural  rifb  which  facilitates  quarrying.  If  there  be 
a  finer  lining  or  sheeting  of  the  micii  clement  the  lines  or  sheets 
are  not  continuous  far,  and  may  be  seen  to  fade  out  within  a 
distance  of  a  foot  or  two.  That  is  to  say  this  foliation  does  not 
indicate  a  profound  separation  of  the  minerals  of  the  rock  into 
layers  or  long  continuous  sheets,  (b)  A  second  sort  of  foliation 
uthat  which  arises  from  a  distinct  separation  of  the  minerals  of 
the  rock,  or  different  proportions  of  the  constituent  minerals,  into 
sheets  or  strata  that  continue  over  long  distances.  Such  separa- 
tion is  indicated  on  the  weathered  surfaces  by  color-bands,  and 
l>y  petrographic  differences  of  grain  and  composition.  In  short 
this  foliation  is  plainly  a  modified  sedimentary  structure.  The 
sheets,  or  layers,  or  strata,  into  which  the  rook  is  separated,  are 
^'Soeable  over  large  surfaces.  The  crystalline  condition  of  the 
f^n  here  may  be  as  perfect  as  in  the  last,  and  this  constitutes 
^''crystalline  schists;''  but  in  many  places  there  is  seen  an 
ij&perfect,  or  interrupted,  crystallization,  the  various  grains 
Mending  round  their  borders  into  each  other,  or  being  lost  in  an 
Vol.  III.— 9. 
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indefinite  matrix,  or  developing  porphyroidally.  (c)  Still 
another  strnctare  has  been  styled  gneissic.  A  massive  homo- 
geneous rock,  which  may  have  neither  of  the  foregoing  kinds  of 
foliation,  but  which  exhibits  the  mieaoeons  or  hornblendio  ele- 
ment evenly  distributed  in  isolated  individual  grains  throughout 
the  whole,  yet  is  seen  to  have  a  uniform  elongation  of  the  sepa- 
rate crystals,  of  all  kinds,  in  the  same  direction.  This  furnishes 
also  a  kind  of  rifb  or  grain  which  pervades  the  mass,  rendering 
it  easier  to  break  in  the  direction  parallel  with  the  greater 
diameters  of  the  crystals  than  in  any  other,  but  it  is  essentially 
a  massive  non-foliated  rock.  A  massive  structureless  granite,  or 
syenite,  is  rare  to  see.  Hence  by  far  the  greater  x>ai:t  of  the 
Laurentian,  whether  eruptive  or  sedimentary,  is  properly  styled 
gneiss.  It  is  obvious,  however,  that  these  three  structures  should 
not  all  be  described  by  a  single  term. 

When  these  structures  are  once  sufficiently  differentiated  in 
the  mind  of  the  observer,  and  are  carefully  applied  in  descrip- 
tions, there  will  still  remain  to  ascertain  what  relations  they  sepa- 
rately sustain  to  the  supposed  two  sorts  of  Laurentian  rocks,  i.  e» 
whether  one  or  the  other  may  be  found  to  characterize  the  act- 
ually eruptive  acid  Laurentian,  or  the  metamorphosed  sedimen- 
tary Laurentian. 

Planes  of  hydro  thermal  fusion,  and  tlieir  relation  to  the  origin  of 
the  crystalline  schists.  A  second  problem  connected  with  the  Lau- 
rentian, and  which  appears  prominently  in  the  horizon  of  future 
research,  relates  to  the  origin  of  the  crystalline  schists. 

It  has  been  stated  above  that  there  is  every  evidence  to  sup- 
pose that  the  eruptive  epoch  which  introduced  the  Vermilion 
age  (i.  e.  the  crystalline  schists)  continued  into  the  Kewatin  (i.  e» 
the  sericitic  schists  and  gray  wackes)  by  an  unbroken  and  uni- 
form succession  of  events  and  oceanic  deposits.  This  binds  the 
Vermilion  and  the  Kewatin,  historically,  closely  together.  It  haa 
been  said  also  that  the  mineral  characters  of  the  Vermilion  fade 
out  very  slowly  into  those  of  the  Kewatin,  but  that  when  fully 
established  the  change  is  so  great  that  the  formations  have  great 
mineralogical  contrasts.  In  other  places  the  crystalline  schistfr 
have  a  very  feeble  development  at  the  horizon  where  they  would 
be  expected  to  appear,  and  the  Kewatin  gray wacke-like  sedi- 
ments pass  into  the  Laurentian  sediments  through  a  gradual 
change  from  gray  wacko  to  gueiss — a  gneia&  having  the  second 
kind  of  foliation  described  iilK)ve. 


< 
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The  crystalline  schists  seem  to  be,  nearly  always,  as  completely 
ystalline  as  the  gneiss.  If  the  origin  of  the  basic  sediments  of 
.6  crystalline  schists  be  akin  to  that  of  the  sericitic  sediments 
'the  Kewatin,  viz.  from  volcanic  ejectamenta,  the  query  quickly 
isee — why  are  they  not  similar  in  the  resulting  rocks!  Why 
re  the  crystalline  schists  so  uniformly  composed  of  the  same 
linerals  as  make  up  gneiss,  though  differing  from  gneiss  in  the 
dative  amounts  of  those  minerals  and  in  the  evident  sedimen- 
ffy  structure,  while  the  Kewatin,  sericitic  schists  are  only  sub- 
Tstalline  and  are  often  earthy?  Is  it  not  plausible  to  suppose 
lat  the  crystalline  schists  are  but  a  phase  of  the  earthy  Kewatin 
hists,  due  to  the  encroachment  of  hydro-thermal  fusion-planes 
>on  themt  At  the  present  time  these  beds  all  stand  nearly 
irtical.  If  this  fusion  affected  them  after  this  verticality  was 
bained,  it  may  be  supposed  that  the  approach  of  the  fiision- 
Guie  toward  the  surface  of  the  earth  would  be  nearer  in  some 
GU»B  than  in  others.  When  the  fusion  was  accompanied  by 
icture  more  or  less  of  the  fused  rock-natter  would  be  thrust 
rough  the  fissures  and  would  appear  as  eruptive  rock.  Since 
dre  are  certainly  places  where  in  the  Kewatin  sediments  such 
non,  and  even  such  eruption,  seems  to  have  resulted  from  the 
)watin  itself;  and  since  in  the  immediate  vicinity  the  sedi- 
mts  adjoining  take  on  over  a  greater  or  less  width,  the  charac- 
rs  of  the  crystalline  schists,  and  at  other  places  the  crystalline 
lists  do  not  appear  where  the  Kewatin  sediments  exhibit  that 
cnliar  semi-crystalline  condition  which  has  been  mentioned  as 
>orphyrel,"  it  has  appeared  to  the  writer  that  very  likely  the 
l^talline  schists  have  no  constant  stratigraphic  place,  any 
ore  than  the  Laurentian  gneiss,  and  that  the  ' '  crystalline ' '  phase 
18  been  superinduced  in  »itu  on  basic  (or  acid)  sediments  in  strata 
different  ages,  according  as,  after  being  deposited,  and  even 
ber  being  tilted  to  verticality,  the  level  of  hydro-thermal  fusion 
as  able  to  reach  them  or  not.  Therefore,  without  any  undulat- 
g  of  the  actual  strata  in  anticlinal  and  synclinal  folds  (a  sup- 
isition  which  seems  to  be  precluded  in  some  places  by  the 
densiTe  present  vertical  position  of  all  the  strata),  there 
Ul  might  result,  superficially,  successive  belts  of  rocks  of 
iEerent  kinds.  The  belts  would  express  the  effects  of  hydro- 
lermal  fusion,  i>erhaps  on  the  same  sort  of  sediments,  in  differ- 
il  degrees  of  intensity.  Wherever  erosion  and  denudation 
%y  have  been  suf&cient  to  bring  the  present  surface  down  to 
e  level  where  the  fusion-plane  operated  in  its  full  intensity. 
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there  we  should  find  the  present  surface  rock  to  be  gneiss  if  the 
sediments  were  acidic,  crystalline  schist  if  the  sediments  wen 
partially  basic  and  stratiform,  or  eruptive  rock  if  there  were  fii- 
sores  through  which  such  could  and  did  escape.  Where  the  sn^ 
face  erosion  has  not  been  sufficient  to  expose  the  upward  (or  th 
downward)  undulations  in  the  plane  of  perfect  fusion,  we  Mi 
the  earthy,  or  volcanic,  or  siliceous,  sediments  more  nearly  ii| 
their  original  condition. 

Ihite  of  upheaval  of  the  crystalline  schists.  Intimately  connectoij 
with  the  question  of  the  origin  of  the  crystalline  schists  is  Ae| 
question  of  their  date  relative  to  the  epoch  of  their  npheavil, 
and  the  further,  or  prior,  question  as  to  the  cause  of  the  TOfl 
general  and  extensive  verticality  of  all  the  sedimentary  6tnti| 
that  precede  the  Taconic  (Huronian). 

Mature  and  oriffin  of  jaspUyte.  Attention  has  been  called  toi 
some  points  in  the  investigation  of  this  question  which  need, 
further  examination. 

Whal  is  the  ^^ muscovado  rockf^^  and,  particularly,  does  it  rep- 
resent a  sedimentary  formation  younger  than  the  Kawishiiiij 
and  older  than  the  Taconic. 


COMPARISON  OF   THESE   RESULTS   WITH  THOSE  REACHED  ELBI'I 

WHERE. 

Following  is  a  tabulated  statement  of  the  general  stratigrapbji 
supposed  to  exist  in  Minnesota,  according  to  the  foregoiif  j 
sketch. 

Calciferous,      Magnesian  limestones  and^   rk-iminAonli. 

sandstones [    i    t!S!' 

^SY.  Croix.    Sandstones  and  shales )  ainsnonnw 

Overlap  uiieonfonnlty.    — — — — — — 

PotHdam.     Quartzyte,  gabbro,   red 

granite  and  Kewenawan Paradoxides  horuo* 

Overlap  unconfbrniiiy.    — — — — — — 

Taconic.     Black  and  gray  slates  and 
quartzytes,  iron  ore,  (Huronian,  Ani- 

mike) Olenellus  horii» 

Overlap  unconformity.    -^— — — — - 

Kewatin    (including    the    Kawishiwin    or' 
greenstone  belt,  with  its  jaspilyte),  Seri- 

citic  schists  and  graywackes 

Yermilion  ( Coutchiching),  crystalline  schists 
Eruptive  unconformity.     ^— — — — — 

Laurentian.     Gneiss 
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For   greater   details   respecting   these  parts  the  reader 
referred  to  Vol.  Ill,  Wisconsin  geological  report,  pp.  106-166« 

The  Kewenawan  system  Prof.  Irving  here  describes  as  a 
sisting  of  a  ^Uower  division, , embracing  chiefly  great  flom 
gabbro,  diabase,  and  melaphyr,  and  an  upi>er  division  oompoi 
chiefly  of  reddish  feldspathic  sandstone,  subordinate  to  wb 
are  heavy  beds  of  bonlder-conglomerate,  indurated  gray ; 
brown  quartzless  sandstone  and  black  shale."  Among 
eruptive  rocks  he  includes  gabbro,  diabase  and  diabase  amy( 
loid,  melaphyr,  granite  and  porphyry,  the  last  being  pofis 
clastic.  Among  its  fragmental  he  notes  boulder-conglomer 
black  and  gray  shales,  gray  and  brown  quartzless  sandstone 
red  sandstone  and  shale. 

Unconformable  over  the  last  he  places  the  light- colored  '^ 
Superior  or  Potsdam  sandstone,"  which  he  considers  either 
'^equivalent  or  downward  extension  of  the  Potsdam  sands 
series  of  the  Mississippi  valley." 

It  is  evident  that  in  this  description  there  is  included  not! 
that  answers  to  the  Kewatin  and  Kawishiwin.  It  appears 
a  feeble  representation  of  the  crystalline  schists  is  noted  in 
nection  with  ttie  Laurentian,  as  ''dark  hornblende  gneiss 
Essentially  all  of  these  parts,  from  No.  I  to  No.  XX  incluf 
are  the  Animike  of  northeastern  Minnesota,  the  real  Huroi 
without  the  overlying  Thessalon  quartzyte.  According  to  ol 
vations  already  recorded  this  overlying  unconformable  quj 
yte  is  in  northern  Minnesota  interbedded  with  gabbro  sh( 
and  the  great  gabbro  flood  lies  on  the  lower  portions  of  it. 
a  natural  inference  that  in  an  epoch  of  successive  volcanic ei 
tion  like  that  which  followed  the  gabbro  outflow,  a  quart 
would  locally  lose  its  typical  character,  and  would  be  conve 
to  feldspathic  sandstones,  conglomerates  and  shales,  and 
these  would  be  interbedded  with  the  eruptive  sheets,  f 
seems  to  have  been  the  case  in  northern  Wisconsin  and  in  n< 
eastern  Minnesota  within  the  area  affected  by  this  remart 
series  of  eruptions.  But  in  central  Wisconsin,  as  well  ! 
southern  Minnesota,  and  in  S.  Dakota,  the  normal  condi 
again  prevailed,  and  a  similar  quartzyte  is  found  to  < 
repeating  the  sedimentary  succession  that  obtains  in  the  at 
the  original  Huronian. 

The  peculiar  *'miea  schists"  cut  by  intrusive  granite,  i 
sented  to  overlie  all  the  vc'St  of  the  Huronian,  seem  not  to 
been  identified  in  Minnesota.     There  is,  in  connection  wit 
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"0,  in  northeastern  Minnesota  a  large  amount  of  red  gran- 
assing  to  felsy  te  such  as  that  seen  at  the  Oreai  FdHmdes,  on 
orth  shore  of  lake  Sax>erior.  It  is  possible  that  in  connec- 
rith  this  granite  will  yet  be  found  some  micaceous  schists 
mug  to  these  in  Wisconsin,  the  result  of  metamorphism 
some  of  the  Animike  beds. 

>f.  Charles  E.  Wright  and  major  T.  B.  Brooks,  who  report, 
)  same  volume,  on  some  of  the  crystalline  rocks  of  Wiscon- 
•resent  substantially  the  same  classification.  But  they  dis- 
Y  include  the  ^'crystalline  schists^'  in  the  Laurentian. 
»,  who  made  out  this  order  first  in  the  Marquette  region, 
ave  the  parts  similar  numerical  designations,  groups  them 
^e  principal  parts,  viz. : 

Upper  Huronian,  Beds  XIV  to  XX. 
a  slates,  mica  schists,  granites  and  gneisses. 

MiMie  Suronian,  Beds  VIII  to  XIII 
brtzytes,  clay  slates  and  obscure  soft  schists. 
Lower  Huronian,  Beds  I  to  VIL 
krtzyte,  marble,  iron  ore,  novaculite. 

ok's  stratigraphic  scheme  is  subject  to  criticism,  and  is 
lious  and  certainly  incomplete,  although  for  a  pioneer 
pt  to  set  the  stratigraphy  of  the  region  of  Marquette  into  a 
ance  of  chronological  succession  it  deserves  great  praise, 
supplies  the  first  general  classification  and  gives  form  to  a 
td  mass  of  variant  and  unfinished  observations  and  isolated 
hat  had  been  published  before.  Since  the  examinations 
by  Brooks  the  whole  country  has  been  much  cleared  up, 
new  openings  have  been  made  and  the  geology  is  much 
to  ascertain  with  certainty  than  ever  before.  Dr.  C. 
ager,  in  a  later  survey,  was  aided  by  some  of  these  advan- 
and  in  some  instances  he  was  enabled  to  correct  the  strati- 
ic  scheme  of  major  Brooks.  His  report,  however,  is,  as  it 
ses  to  be,  mainly  a  description  of  facts,  without  much 
to  decipher  the  stratigraphy. 

Rominger  hesitated  about  placing  the  granitic  rocks  of  the 
lette  district  as  the  parallel  of  the  Laurentian  of  Canada, 
gh  he  regards  the  rest  of  the  series,  with  some  noteworthy 
mces,  as  the  Huronian.  He  rejects  the  twenty  subdivis- 
lade  by  Brooks,  as  altogether  too  numerous  and  somewhat 
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vagne.  and  some  of  them  he  omits  from  the  succession,  r^anl- 
ing  them  as  intrusive  masses  belonging  really  to  lower  horizons^ 
The  two  quartzyte  meml>ers,  of  Brooks,  he  considers  bat  one. 
AVith  slight  exceptions  Dr.  Rominger's  descriptions  and  ciassifi> 
cation  are  in  acconl  with  the  general  stratigraphy  and  all  the 
geology  of  the  Northwest  as  now  held  by  the  writer.  Those 
exceptions  consist,  principally,  in  dividing  the  strata  concerned 
into  two  distinct  formations,  separated  by  a  plane  of  nnconform- 
ity  which  exists  everywhere  and  is  obsen-able  (and  has  also 
been  mentioned  many  times  by  him),  in  the  iron  regions  of  both 
Minnesota  and  Michigan.  Brooks  paid  but  very  little  attention 
to  the  rocks  embraced  by  Rominger  in  his  serpentine  and  diorit- 
ic  groups.  But  these  constitute,  in  accordance  with  the  con- 
elusions  of  this  report,  the  bsisement  door  on  which  the  true 
iron  bearing  formation  makes  an  unconformable  overlap  succes- 
sion, and  are  the  southern  representatives  of  the  sericitic  and 
chloritic  schists  and  graywackes  of  the  Kewatin.  Another  im- 
portant ditlerence  concerns  the  great  quartzyte  of  the  Marqnette 
region.  Dr.  Kominger  considers  it  a  constitueut  part  of  the 
conformable  strata  of  the  Huronian.  I  think  sufficient  evidence 
exists  for  removing  it  from  the  system  that  embraces  the  ore 
beds,  and  placing  it  as  an  unconformable  overlying  stratum,  the 
equivalent,  nevertheless,  of  the  great  upper  quartzyte  member 
of  the  original  Huronian.  Again,  the  arenaceous  slate  gronp^ 
and  the  iron  group,  appear  to  the  writer  to  be,  if  not  identicaU 
very  closely  associated  members  of  the  grand  series,  and  not 
worthy  of  separate  designation.  One  may  overlie  the  other,  in 
general,  but  they  probably  graduate  into  each  other  lithologi- 
cally  and  stratigraphically. 

In  making  comparisoiLS,  however,  the  most  interesting  are 
found  to  sul)sist  between  this  work  and  that  of  Mr.  A.  C.  Lawson, 
of  the  Canadian  survey.  In  the  examination  of  the  geology  of 
the  Lake  of  the  Woods  Mr.  Lawson  encountered  a  series  of  rocks, 
which,  while  included  by  his  predecessors  in  the  Huronian,  dif- 
fered markedly  from  the  descriptions  of  the  original  rocks  of  the 
Huronian  as  published  by  the  Canadian  survey,  and  he  gave 
them  the  nanii.'  which  is  used  by  the  Minnesota  survey, — the 
'•Keewatin."  These  he  inferred  to  lieun  conformablv  below  the 
Animike,  found  further  southeiist.  and  they  were  subsequently 
traced  continuously  to  the  north  side  of  Gnntiint  lake,  and  found 
to  become  there  the  very  same  strata  which  the  Minnesota 
survey  had  already  described  iis  unconformable  below  the  Ani- 
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mike,  but  which,  however,  were  not  fully  wrought  out  by  the 
Minnesota  survey,  nor  identified  as  different  from  the  Huronian. 
In  the  later  prosecution  of  the  work  in  Minnesota  this  wide- 
spread unconformity  has  been  fully  recognized,  and  the  separate- 
ness  of  the  strata  above  it  from  those  below  has  been  established 
beyond  all  question. 

A  still  further  interesting  parallel  between  the  work  of  the 
Minnesota  survey  and  that  of  Mr.  Lawson  consists  in  the  sepa- 
ration of  the  crystalline  schists,  from  the  Kewatin,  under  a 
distinct  name,  and  the  recognition  of  some  (at  least  local)  uncon- 
formity due  to  eruptive  action  between  them  and  the  Laurentian 
gneiss.  Mr.  Lawson  gave  them  the  name  Coutchiching,  not 
including  in  them  the  basic  eruptive  rock  associated  at  this 
horizon,  and  this  survey,  about  the  same  time  applied  to  them 
the  name  Vermilion,  but  included  in  them  all  the  eruptive  basic 
rock  which  appeared  to  grade  off  into  dark  and  hornblendic 
schists  and  to  micaceous  schists.  By  Mr.  Lawson  this  eruptive 
belt  is  considered  as  of  later  date  than  the  schists,  and  perhaps 
as  late  as  the  Kewenawan,  but  by  the  writer  it  is  regarded,  so 
far  as  seen  in  Minnesota,  as  having  actually  preceded  the  crys- 
talline schists,  and  really  to  be  the  most  obtrusive  agent  in  the 
introduction  of  the  lithology  that  characterizes  the  crystalline 
schists.  The  principal  eruptive  rock  was  the  acid  Laurentian 
gneiss,  according  to  Lawson,  but  according  to  this  survey  it  was 
the  basic  doleryte. 

There  are  minor  differences,  such  as  that  touching  the  eruptive 
nature  of  gneisses,  the  later  date  of  the  Laurentian,  the  character 
of  the  thin,  interleaved,  gneissic  strata  between  thin  sheets  of 
mica  schists,  sometimes  reaching  100  or  more  alternations,  and 
others,  which  will  furnish  subjects  for  future  research.  But  the 
general  concord,  in  the  main  results,  between  the  conclusions  of 
Mr.  Lawson,  and  those  expressed  already,  in  this  report,  on  the 
BQceession  of  the  principal  steps  in  Archean  stratigraphy,  is 
certainly  a  cause  of  satisfaction,  and  gives  corroborative  evidence 
of  the  correctness  of  the  conclusions  arrived  at. 

It  is  not  necessary  to  make  comparisons  betweeii  these  results 
and  those  of  Kew  England  geologists.  There  is  not  suf&cient 
evidence  yet  that  the  New  England  crystalline  rocks  can  be 
assigned  unexceptionably  to  the  Archean.  It  has  not  escaped 
observation,  however,  that  there  are  many  general  concordances. 
Especially  is  this  true  of  the  report  on  the  Xew  Hampshire 
crystalline  rocks  by  Prof.  0.  H.  Hitchcock.     It  is  believed  by 

voL  in— 10. 
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the  writer  that  the  same  strata  extend,  with  characteristic  1 
ology,  through  the  Archean  terranes  of  Xew  England,  andl 
they  will  be  identified  by  and  by  with   all  the  necessary 
■dence. 
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3BEPOET  OF  FIELD  OBSEEYATIONS  MADE  DUEING 
THE  SEASON  OF  1888,  IN  THE  lEON  EEGIONS  OF 
MINNESOTA. 

ByE.  V.  WincheU. 

The  object  of  this  report  is  simply  to  place  ou  record  the  facts 
observed  and  noted  during  the  summer  of  1888  regarding  the 
geology  of  the  region  east  of  Tower,  paying  particular  attention 
to  the  iron  ore  deposits.  During  the  months  of  July,  August, 
September  and  October  an  attempt  was  made  to  visit  all  the 
outcroi)S  of  iron  ore  east  and  south  of  Ely,  for  the  purposcsof 
making  notes,  collecting  specimens*  and  learning  the  relation  of 
the  ore  to  the  rocks  of  the  region,  as  well  as  its  extent  and  proba- 
ble value.  In  many  cases  reported  by  explorers  and  so-called 
^'experts"  it  was  found  that  their  accounts  either  exaggerated 
greatly  the  amount  of  iron  ore  to  be  found  at  any  specified 
place,  or  else  that  there  was  no  iron  ore  there  at  all — noth- 
ing but  iron-rusted  rocks  or  beds  of  heavy  dark  dioryte,  or  even 
no  signs  of  iron  at  all. 

Begion  traversed.  The  first  month  was  spent  in  examining  the 
magnetic  ore  belt  which  lies  along  the  north  edge  of  the  gabbro 
and  the  south  side  of  the  Giant's  range.  A  party  consisting  of 
the  writer  and  Mr.  W.  D.  Willard,  of  the  State  University,  with 
Indian  packers,  went  overland  from  Birch  lake  to  the  Duluth 
and  Iron  Bange  railroad  along  the  Giant's  range,  making  fre- 
quent cross-sections  of  the  rocks  and  examining  all  the  workings 
in  the  magnetite  prosecuted  there  in  past  years.  After  return- 
ing to  Birch  lake  the  same  belt  of  ore  was  followed  northeast- 
wardly into  Twp.  63-10  on  the  Kawishiwi  river. 

Daring  the  remainder  of  the  season  the  party  led  by  Mr.  Uly. 
8.  Grant,  assisted  by  Mr.  A.  D.  Meeds  was  also  engaged  on  the 
investigation  of  the  iron  ores.     A  trip  southward  to  lake  Supe- 
rior was  taken  through  an  unexplored  part  of  the  country,  and 
the  yarious  lakes  along  the  route  were  examined.    The  parties 

•The  ipeclmciw  collected  by  H.  V.  Winohell  a^  numbered  in  pink  shellac  and  alcohol,  and 
^T«  the  lelter  H  following  the  numbers. 
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then  proceeded  to  Ganflint  lake  and  worked  for  a  month  soath- 
W(^twardly.  Mr.  Grant's  party  made  two  or  three  extended 
trips  to  the  soath  for  the  purpose  of  visiting  reported  iron  loca* 
tions,  reaching  Bmle  lake  and  lake  Alice  and  making  notes  on 
the  geology  of  their  shores.  The  other  party  followed  the  north- 
ern edge  of  the  gabbro  to  connect  with  the  observations  made 
from  Birch  lake  northeastward,  closing  by  examining  some  of 
the  jasper  and  ore  beds  in  the  vicinity  of  Snowbank  lake. 

All  the  outcroi)S  of  magnetic  ore  that  could  be  learned  of  were 
visited, — with  the  exception  of  one  or  two  remote  places  diffi- 
cult of  access  and  which  were  in  all  probability  in  the  gabbro. 
Also  a  great  many  exposures  of  hematite  were  examined  and 
many  new  facts  obtained  regarding  its  occurrence  and  relations 
to  the  surrounding  rocks. 

The  importance  assigned  by  many  of  the  explorers  to  a  small 
bed  of  jasper,  or  jasperoid  rock  in  the  crystalline  or  earthy 
schists,  is  often  amusing.  On  the  strength  of  such  a  discovery 
they  will  recommend  the  purchase  of  extensive  tracts  of  land  and 
the  operation  of  a  diamond  drill  on  the  spot  or  in  the  vicinity^ 
being  airtain  that  the  presence  of  the  jasper — not  always  even 
in  situ — is  a  sure  indication  of  the  proximity  of  a  valuable  body 
of  ore.  They  do  not  seem  to  realize  that  jasper  is  not  iron  ore 
and  that  a  mountain  of  jasper  is  no  sign,  in  itself,  of  iron  ore  any 
more  than  of  any  other  mineral. 

Another  erroneous  idea  which  has  gained  prevalence  is  that  a 
bed  of  ore  is  sure  to  improve  the  fftrther  it  is  followed  toward 
the  center  of  the  earth.  The  contrary  is  often  true,  and  it  ift 
evident  that  while  the  grade  of  the  ore  may  improve  and  the 
quantity  of  it  may  increase  with  the  depth  of  a  shaft,  yet  there 
is  no  reason  to  expect  such  a  thing.  Therefore  it  is  a  poor  in- 
vestment to  buy  land — or  rock — which  contains  a  smsJl  per 
cent  of  iron  on  top,  and  base  hopes  of  a  paying  investment  on 
the  expectation  of  finding  it  to  be  high  grade  ore  50  or  100  feet 
from  the  surface. 

It  is  surprising  what  credit  is  given  by  capitalists  to  any  man, 
who,  with  no  knowledge  whatever  of  mineralogy  or  geology, 
and  therefore  no  judge  of  the  probability  of  finding  ore  in  a  cer- 
tain locality,  has,  however,  the  assurance  to  tell  them  that  there 
is  iron  in  such  and  such  a  place  if  they  will  only  put  in  a  shaft 
and  *'open  up  the  mine."  On  the  strength  of  such  recommen- 
dations as  these  thousands  of  acres  of  land  have  been  bought  at 
a  high  price,  which  are  utterly  destitute  of  iron  ore  and  are. 


STATE  GEOLOGIST.  79* 

perhaps,  nothing  but  cedar  swamps  or  hills  of  bare  rock;  and  in 
many  places  there  are  abandoned  pits  and  machinery  where  not 
only  shafts  but  fortunes  have  been  sunk  in  hasty  and  profitless 
prospecting  and  blasting.  The  machinery  and  supplies  have 
been  ^'packed"  thither  at  great  expense,  and  men  employed  at 
high  wages  to  dig  for  iron  when  a  person  who  is  at  all  acquainted 
with  the  geology  of  the  region  would  have  told  in  a  short  time 
that  there  was  no  use  whatever  in  spending  a  cent.  In  two  or 
three  places  shafts  were  seen  sunk  in  greenstone  where  there  was 
not  the  slightest  indication  of  iron  nor  even  a  bit  of  jasper  to 
mislead  the  anxious  searcher  for  wealth;  all  because  it  was  '^on 
the  iron  range." 

Such  hasty,  ill-advised  proceedings  always  serve  to  bring  a 
r^on,  no  matter  how  valuable  in  reality,  into  disrepute,  and  to- 
weaken  the  confidence  of  capitalists  all  over  the  country  who 
attribute  these  losses  and  fiulures  to  the  wrong  cause  and  are, 
therefore,  deterred  from  investing  their  own  capital  in  the  really" 
valuable  and  profitable  localities. 

But  however  much  money  may  have  been  hopelessly  squan- 
dered in  the  search  for  iron  in  barren  regions,  yet  a  great  deal 
has  been  employed  in  the  development  of  new  and  rich  iron 
deposits  during  the  past  year.  The  D.  &  I.  B.  E.  has  been 
extended  25  miles  to  Ely,  south  of  Long  lake,  from  which  place 
were  shipped  1,200  tons  of  ore  daily  for  about  two  months  of  hist 
season.  This  ore  all  came  from  the  Chandler  mine,  which  has 
pat  in  a  fine  plant  of  machinery  and  hoisting  apparatus  and  will 
be  ready  for  much  larger  shipments  next  year.  The  Pioneer 
and  Zenith  mines  will  also  be  in  a  condition  to  produce  a  large 
amount  of  high  grade  ore  in  1889.  These  mines  are  located  east 
of  the  Chandler  at  Ely.  At  several  other  places  in  the  same 
vicinity  large  crews  of  men  have  been  at  work  uncovering  and 
opening  up  promising  deposits  of  iron  ore. 

There  has  also  been  some  attention  paid  to  the  Animike 
magnetite,  and  in  several  places  around  Birch  lake  shafts  and 
drillings  have  been  made.  None  of  these,  however,  seem  to 
have  met  with  success,  as  the  ore  is  not  found  in  paying  quantity. 

More  extensive  ore-beds  have  been  found  west  of  Guuflint 
lake  in  Twp.  65-4  than  elsewhere  in  this  formation.  Work  will 
be  commenced  in  this  region  as  soon  as  railroad  facilities  can  be 
obtained.  In  the  following  notes  each  of  these  outcrops  and 
workings  is  described  in  detail. 

Principal  varieties  of  iron  ore.     It  is  well  known  by  tho^ 
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familiar  with  the  geology  of  northeastern  Minnesota  that  there 
are  three  principal  kinds  of  iron  ore.  These  are  found  in  con- 
nection with  three  different  formations.  The  first  kind  is  red 
hematite  which  is  found  intorbedded  with  jasper  in  folded  and 
crumpled  beds  that  occur  in  what  has  been  called  the  Keewatin 
formation.  This  is  the  ore  which  has  been  mined  so  extensively 
and  is  in  such  demand  by  the  manufacturers  of  steel  using  the 
Bessemer  process.  Many  analyses  have  been  published  hereto- 
fore. The  second  kind  is  a  fine-grained  glistening  magnetite 
which  is  generally  found  in  nearly  horizontal  beds  of  quartzyte 
supposed  to  be  a  part  of  the  Huronian  formation.  This  is  the 
ore  which  was  first  worked  before  the  Vermilion  lake  ore  had 
been  thoroughly  tested  or  investigated.  It  has  not  been  found 
in  quantities  sufficient  to  pay  for  mining  until  quite  recently 
when  large  beds  of  it,  west  of  Gunflint  lake,  have  been  pene- 
trated by  diamond  drills.  This  is  a  high  grade  ore  and  contains 
no  titanium.  An  analysis  of  a  specimen  from  K.  E.  ^  sec  23, 
60-13  gave  the  following,  according  to  Mr.  C.  F.  Sidener: 

Pbt  cnt. 

Silica,  Si  O., 11.89 

Alumiua,  AL^O^ .34 

Magnetic  oxide  of  iron,  Fe304 87.00 

Lime,  CaO 20 

Magiie8iu,  MgO .80 

Titanium,  Ti None 

PhoHpborus,  P 056 

Sulphur,  S Temm 

100.346 

Metallic  iron,  Fe 63.07 

The  third  variety  of  iron  ore  is  also  magnetite.  It  is  coarse 
and  has  a  duller  lustre  than  the  Animike  ore  and  is  not  so 
strongly  magnetic.  It  is  found  in  many  places  in  the  gabbro, 
which  sometimes  contains  so  much  of  it  that  it  seems  to  be  pure 
magnetite.  This  ore  almost  always  contains  a  large  amonnt  of 
titanic  acid  which  ruins  it  for  merchantable  ore,  with  only 
present  methods  of  reduction.  Immense  deposits  of  this  titanif- 
erous  ore  are'found,  and  most  of  them  have  been  purchased  from 
the  IT.  S.  government  in  the  hope  of  being  able  to  conduct  remu- 
nerative mining  operations.  When  a  method  for  reducing  titan- 
iferoas  ores  cheaply  is  discovered  such  iron  ore  will  be  valaahlei 
but  until  then  it  is  worthless. 
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An  analysis  of  a  sample  of  this  ore  from  sec  36,  63-10  as 
-reported  by  Mr,  C.  P.  Sidener  is: 

r«r  cent. 

^SiUca,  SiOj 11.37 

Alnmina,  AloO, 1.32 

Magnetic  oxide  of  iron,  Fe.iO 4 53.33 

Protoxide  of  iron,  FeO 14.42 

Oxide  of  titaninm,  TiOj 16.03 

Lime,CaO 10 

MaiiEnesia,  MgO 2.73 

Phosphorns,  P 01 

'Sulphnr,  S Traces 

99.31 
Metallic  iron,  Fe 49.40 

These  are  the  principal  kinds  of  ore.  Bnt  there  are  various 
modifications  and  combinations  of  them  which  wonld  not  come 
strictly  under  any  one  of  the  three  heads.  There  are,  for 
instance,  magnetite  beds  in  the  Keewatin;  sometimes  mixed 
with  hematite;  sometimes  all  magnetite.  On  the  other  liand 
there  is  hematite  and  even  limonite  in  the  Animike;  and  there 
4ure  extensive  fragments  of  the  Animike  formation  inclosed  in 
the  gabbro  which  thus  appeara,  on  a  hasty  examination,  to  con- 
tain non-titaniferous,  fine-grained  magnetite.  The  gabbro  is 
thus  found  to  be  the  only  rock  which  always  contains  the  same 
kind  of  iron  ore — (titaniferous  ?)  magnetite. 

GIANT'S    RANGE. 

The  first  work  of  the  Sf^ason  was  done,  as  above  stated,  on  the 
syenite  range  south  and  southwest  of  Birch  lake.  The  trail 
which  leads  from  the  lake  to  the  Duluth  and  Iron  Range  K.  B. 
starts  from  the  sandy  bay  in  sec.  32,  61-12.  It  runs  nearly  south 
for  two  or  three  miles  after  becoming  established.  It  is  a  poor 
trail  but  grows  better  as  the  railroad  is  approached.  South  from 
Sirch  lake  the  country  rises  rapidly,  and  the  aneroid  indicated 
a  hight  of  225  feet  at  a  point  a  mile  and  a  half  from  the  lake. 
Sidges  composed  of  drift  containing  syenite  boulders  are  crossed 
until  in  the  S.  W.  i  sec.  8, 60-12  a  ridge  of  massive  syenite  rises 
quite  suddenly  over  200  feet  more.  This  is  the  Giants'  range, 
480  feet  by  aneroid  above  Birch  lake.  Before  reaching  the 
ridge  some  huge  boulders  of  syenite  and  dioryte  are  seen.  This 
ridge  is  here  composed  of  coarse  reddish  syenite  coutaiinn;; 
VoL  III— 11. 
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much  blue,  chalcedonic  quartz  in  grains  one-qnarter  of  aninA 
in  diameter.  The  pink  orthoclase  is  freqaently  porphyiitit. 
The  hornblende  is  somewhat  decayed  in  all  the  spedmeni 
observed,  probably  because  they  came  from  near  the  weati&enl 
surface.    Samples  of  this  rock  are  357. 

The  drift  on  the  north  side  of  the  ridge  is  reddish  and  oob- 
tains  many  boulders.  On  the  south  side  of  the  syenite  ridge  te 
land  is  from  100  to  150  feet  lower  than  the  summit  of  the  ridgt 
Some  immense  boulders  are  seen. 

At }  mile  south  of  the  S.  E.  corner  sec.  7,  60-12  there  ti» 
seen  numerous  angular  fragments  of  olivinitio  magnetite  pio* 
jecting  through  the  moss.  These  pieces  contain  thin  strati  tf 
good  iron  ore;  they  seem  to  lie  just  on  top  of  the  solid  rock  and 
to  have  been  moved  from  their  original  place  by  the  action  of 
frost.    Samples  are  numbered  358. 

The  trail  leads  through  a  swamp  for  the  next  half  mile.  JaU 
north  of  the  small  creek  which  crosses  the  line  between  sees.  17 
and  18,  60-12  there  is  an  exposure  of  solid  rock.  It  lies  in  stnta 
which  dip  S.  S.E.  10''-12''.  The  rock  is  olivinitic  and  contain 
considerable  magnetite  both'as  a  constituent  of  the  rock  itself  ani 
in  veins  which  coincide  nearly  with  the  direction  of  the  bel- 
ding.  This  rock  looks  much  like  a  quartzyte  but  oontaiuBi 
large  proportion  of  olivine.  Samples  from  here — S.  W. },  I 
W.  i  sec.  17,  60-12— are  359.  The  rock  is  fine-grained  aod 
greenish;  it  is  overlain  by  a  very  light  covering  of  drift 

Eock  similar  to  the  last  is  exposed  in  places  as  £bu:  south  as  the 
E.  quarter  post  sec.  19,  60-12.  The  needle  dips  about  X.  50' 
over  this  entire  distsmce. 

In  the  N.  E.  corner  of  sec  19,  60-12  is  a  shaft  about  ten  M 
deep.  Indian  John  Beargrease  says  it  was  dug  about  14  yeais 
^go  l>y  Peter  Mitchell.  After  penetrating  about  five  feet  of 
drift  the  bed  rock  is  encountered.  It  is  the  same  greenish,  oli* 
vinitic  quartzyte  containing  magnetite.  The  needle  dips  N.  5l^ 
Specimens  from  here  are  360.    Some  of  this  rock  is  slaty;  d6L 

Another  shaft  has  been  made  in  N.  W.  i  of  N.  E.  J  sec  19, 
60-12.  The  rock  here  is  quite  similar  to  the  last;  some  of  it 
is  very  thin-bedded.  A  sample  from  this  shaft  showing  fine 
stratification  is  362.  There  is  very  little  good  ore  visible  here, 
though  the  needle  dips  90°, 

A  smoothed,  black  exposure  of  ferruginous  quartzyte  several 
acres  in  extent,  appears  on  the  surfoce  of  the  ground  in  the  5. 
W.  i  of  N.  E.  i  sec.  19,  60-12.    The  rock  and  magnetite  bodi 
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eather  shiny  black,  and  the  metallic  lustre  gives  one  the  idea 
lat  he  is  standing  on  a  hill  of  pare  iron.  Sample  of  good  ore 
*om  here  is  363. 

In  the  N.  W.  i  sec.  19,  60-12  there  is  a  ridge  composed  of 
fenite  boulders  three  to  ten  feet  in  diameter.  This  ridge  is  50 
M  high  and  extends  for  half  a  mile  at  least  running  nearly 
Mt  and  west.  It  is  wonderful  to  see  these  immense  rounded 
laaBes  of  syenite  (one  boulder  of  quartzyte  was  seen  among 
lem)  piled  up  on  top  of  each  other  with  crevices  ten  or  fifteen 
let  deep  between  them.  No  rock  is  seen  in  the  woods  on  the 
^nth  side  of  this  ridge,  with  the  exception  of  a  few  boulders, 
his  moraine  seems  to  lie  just  south  of  the  magnetic  quartzyte. 
Irtm  lake.  This  small  lake  is  one  of  the  few  bodies  of  water 
lat  lie  south  of  the  summit  of  the  Oianfs  range  and  yet  nearly 
<  elevated  as  the  range.  It  is  situated  in  sees.  13, 14,  23  and  24, 
1-13.  Its  shore  is  surrounded  by  boulders,  mostly  syenite,  from 
.e  ridge  north  of  the  lake.  There  are  also,  however,  many  angular 
eoes  of  magnetitic  quartzyte.  This  rock  contains  less  olivine 
ire  than  a  few  miles  further  east.  A  few  boulders  of  a  quartz 
inglomerate  with  a  green  matrix  were  seen  on  the  east  side  of 
e  lake  in  the  N.  W.  i  sec.  34,  60-13,  No.  364. 
A  short  distance  east  of  the  lake,  in  the  N.  W.  \  sec.  24,  60-13 
e  bed  rock  was  exposed  in  the  hillside  by  a  windfall.  It  is  the 
Rial  blacky  magnetitic  rock  lying  in  nearly  horizontal  strata, 
one  of  the  rock  here  is  reddish  and  jaspery ;  there  is  also  a  con- 
omeritic  aspect  in  places.  Sometimes  the  rock  is  slaty  in 
in,  black,  parallel  strata  that  are  quite  straight  for  a  rod  or 
ore.  Again  the  iron  seems  to  be  in  veins  which  do  not  conform 
iMj  to  the  general  planes  of  stratification.  The  following 
b  Is  from  the  perpendicular  face  of  a  ledge  in  N.  W.  \  sec  24, 
-13. 
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A  short  distance  X.  W.  or  X.  of  last  the  ledge  is  exposed  in 
periK'ndiciilar  wall  S  feet  higli  and  a  couple  of  rods  long.  Hi 
in  thick  hlnck  beds  that  bave  a  high  specific  gravitj*  and  in 
crystalliiie  with  a  dark  mineral  that  may  be  hornblende,  Xo,36!i 

Near  the  north  end  of  Iron  lake,  in  8.  W.  i  sec.  13,  WU 
the  magnctitio  qnart/ytc  iiudergoes  a  queer  metamorphosii 
It  still  lies  ill  nearly  horizontal  l>cds;  bnt  it  gradually  becODM 
less  liiglily  c-luirged  ^ith  magnetite,  acquires  feUlspatbic  sot 
qnartzose  materials  and  lUially  is  changed  to  a  regular,  reddisi 
crystalline  rock  which  is  the  syenite  of  the  Giant's  range.  Th 
lowest  bfds  are  the  most  perfectly  crj'stalline.  Before  the  tr»n* 
ition  becomes  cuiuplete  the  Animike  rock  appears  to  be  f<^'^' 
spathic  in  sjiots  as  if  there  wore  boulders  of  syenite  in  it,  W 
lower  down  tlie  Ix-ds  become  wholly  syenitic.  The  quartzgraiM 
that  are  lii^st  seen  in  the  greenish  Animike  rock  have  thesaffli 
bluish  translucent  a|ipcanuiee  iis  those  iu  the  syenite  which  M 
just  north.     This  ohauge  is  illustrated  by  specimens  nmnbert^ 

The  quart/  grains  arc  seen  l>eforf  the  feldspar.     Thereareal* 
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rtiODS  of  the  Animike  which  are  conglomeritic  and  are  the 
ae  as  the  peculiar  conglomerate^  364.  A  sample  which  con- 
ns part  of  a  feMtic  boulder  is  367.  The  dip  needle  is  but 
^htly  affected  here. 

S'orth  of  Iron  lake  the  land  does  not  rise  suddenly;  but  there 
I  gradual  upward  slope  for  about  half  a  mile  when  the  summit 
the  range  is  reached  and  there  is  an  abrupt  descent  of  200  feet 
more.  Syenite  containing  a  little  biotite  is  seen  in  the  bluff 
the  north  side  of  the  range.  One  sample  from  the  N.  E.  i 
2. 14,  60-13  is  368. 

rhere  are  no  exposures  of  solid  rock  on  the  N.  W.  side  of  Iron 
ke.  On  the  8.  W.  side  in  the  N.  E.  i  sec.  23,  60-13  there  is  a 
ige  of  black  magnetic  rock,  369.  It  presents  the  usual  char- 
teristic  aspects  of  this  formation;  lying  in  nearly  horizontal 
iita  and  containing  more  or  less  magnetite  which  gives  a  dark 
lor  to  the  rock. 

Iron  lake  is  nearly  as  elevated  as  the  summit  of  the  Giant's 
Qge.  The  black  rock  on  the  north  side  of  the  lake  is  close 
ore  the  syenite;  and  the  change  which  was  observed  to  have 
Icen  place  must  be  mainly  in  the  nature  of  a  fragmental  transi- 
m  rather  than  a  metamorphic  one,  i.  e..  the  gradual  increase 
thiD  the  Animike  of  the  feldspathic  and  quartzose  materials 
iBt  be  due  to  the  fact  that  ihere  was  more  or  less  debris  derived 
>m  the  crystalline  ridge  on  the  north  which  was  covered  up  by 
e  Animike  deposits  and  by  subsequent  metamorphism  incor- 
lated  closely  into  them.  That  this  metamorphosing  process 
IB  in  the  nature  of  a  slow  rearrangment  and  reuniting  of  the 
Ineral  constituents  rather  than  of  a  violent  and  more  sudden 
starbance  seems  to  be  indicated  by  the  comparatively  unclis- 
rbed  position  of  the  strata. 

Mr.  Willard  went  south  from  the  lake'  through  the  S.  W.  i 
Q.  23,  and  the  W.  i  sec.  26,  60-13.  He  reports  fragments  and 
w  outcrops  of  the  dark  iron  ore  rock  all  the  way  to  the  swamp 
the  N.  W.  i  sec.  35,  60-13.  Sample  from  that  locality  is  370. 
18  tough,  black,  heavy  rock  and  contains  probably  45  per 
nt  (t)  of  iron. 

13ie  percentage  of  iron  in  the  rock  appears  to  grow  less  going 
^ward  from  Dunka  river;  toward  the  northern  edge  and  west- 
iti  there  is  also  less  olivine  and  more  quartz.  Fragments  of 
d  jasper  are  seen  all  along  the  trail.  These  may  have  been 
insported  from  north  of  the  Giant's  range,  although  red  jasper 
d  qaartzyte  have  been  seen  in  the  Animike  formation  in  this 
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region.  Pieces  of  porphyritic  rock  that  look  as  if  they  belong  to 
the  same  formation  near  its  contact  with  the  syenite  are  also 
seen  along  the  trail. 

Some  pure  quartzyte  containing,  however,  a  small  amoant  of 
magnetite,  is  found  in  angular  fragments.  A  sample  of  reddish- 
gray  quartzyte  from  N.  W.  i  sec.  32,  60-13  is  371. 

The  bed  rock  is  seen  to  be  just  beneath  the  moss  and  light  drift 
covering  for  two  or  three  miles  in  sections  28,  32  and  31,  60-13. 
Bidges  composed  of  granite  and  syenite  boulders  are  seen  at  in- 
tervals, and  evidently  form  part  of  a  morainic  system.  The 
drift  deposits  become  thicker  toward  the  west. 

Just  south  of  the  trail  in  S.  W.  }  of  N.  W.  i  sec  32,  60-13  is 
a  large  exposure  of  the  semi -crystalline  fragmental  rock  which 
intervenes  between  the  regular  Animike  and  the  syenite,  and 
grades  into  the  latter.  This  rock  is  exposed  here  to  a  depth  of 
12  or  15  feet.  At  the  top  it  contains  considerable  green,  uncrys- 
tallized  material,  and  the  feldspar  crystals  are  not  so  well  formed 
as  farther  down  where  there  is  less  of  the  green  matter.  There  is 
an  indistinct  gneissic  structure  which  seems  to  lie  nearly  hori- 
zontal; there  is  also  a  coarse  schistosity  which  runs  N.  E.  and  S. 
W.  At  the  top  is  a  conglomeritic  layer  which  contains  pebbles 
of  quartz  and  some  of  greenish  rock,  some  of  them  two  inches 
long,  but  mostly  less  than  an  inch  in  length,  No.  372. 

The  rock  at  the  bottom  of  this  exposure  is  almost  wholly 
crystalline  with  the  usual  constituents  of  syenite.  The  horn- 
blende crystals  are  the  last  to  be  developed;  large  crystals  of 
feldspar  appear  in  the  green  matrix  before  it  b^ns  to  show  any 
other  signs  of  crysta>llization.  These  feldspar  crystals  are  ortho- 
clase  and  are  sometimes  blood-red. 

Peter  Mitchell  uncovered  the  iron  ore  beds  in  several  places 
in  the  S.  W.  1  sec.  32,  €0-13.  Some  of  the  rock  thus  exp(»ed  is 
quit^  slaty,  373.  The  shaft  in  the  S.  E.  i  S.  W.  i  sec.  32,  60-13 
is  about  S  feet  deep.  Tt  penetrates  solid,  black  rock  containing 
magnetite  in  grains  and  poorly  defined  layers  or  bands  all  through 
it.  It  is  poor  ore.  On  the  surface  a  short  distance  northwest  of 
the  shaft  the  rock  is  more  unevenly  bedded  and  consists  of  thin 
veins  of  black  or<»  in  a  gray  rock.  No.  374.  The  needle  dips  at 
all  angles  in  a  veiy  small  radius  here.  Olaciation  is  about  N. 
N.  E.  Some  of  the  rock  is  fine  and  jaspery  with  a  reddish 
tinge,  No.  374  A. 

This  is  in  a  low  ridge  trending  N.  E.  and  S.  W,  or  there- 
abouts.    Sometimes  similar  ridges  are  seen  made  of  bonlderSi 
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I  aometdmes  of  syenite.  In  the  S.  W.  i  sec.  31,  60-13  is  a 
ill  ridge  composed  of  iron  ore  rock.  It  has  been  broken  off 
1  the  land  east  and  north  is  lower.  The  east  face  of  the  ledge 
naooth  and  vertical  and  can  be  followed  for  half  a  mile  on  the 
rih  Bide  of  the  trail.  The  grayish,  qnartzose  rock  lies  in 
arly  horizontal  beds,  all  of  which  contain  magnetite.  This 
ck  always  weathers  shiny,  smooth  and  black  and  has  the 
pearance  of  solid  iron.  There  is  very  little  pure  ore  in  these 
ds.  A  sample  from  the  S.  W.  i  sec.  31,  60-13  showing  the 
lathered  sarfiEU^  is  375. 

Ihere  is  a  large  exposure  of  the  Animike  rock  and  a  shaft 
g  down  about  ten  feet  by  the  side  of  the  vertical  exposed  wall 
rock  in  the  N.  E.  i  sec.  11,  59-14.  There  is  here  seen  a 
cknesB  of  15  feet  of  the  usual  dark-colored  rock.  It  is,  how- 
sr,  reddish  in  streaks  and  contains  a  little  hematite  with  the 
ignetite.  At  the  bottom  of  the  shaft,  particularly,  the  rock 
soft  and  hematitic.  At  the  surface  of  the  ground  the  rock  is 
rder  and  seems  to  be  composed  of  reddish  quartz  in  fine  grains 
ongly  resembling  the  ^^chalcedonic"  quartz  of  Vermilion 
:e,  376.  Hematitic  rock  from  the  base  of  the  shaft  is  376  A. 
ere  are  thin  bands  of  good  ore  contained  in  the  rock  here; 
t  there  is  not  enough  to  pay  for  working.  This  ledge  is  on 
I  west  side  of  a  ridge  which  trends  to  the  northwest.  The 
ata  have  a  little  higher  dip  than  usual  toward  the  southeast, 
me  of  the  ore  is  seen  to  be  further  altered  to  limonite. 
[n  the  N.  W.  \  sec.  11,  59-14  is  a  small  outcrop  of  Keewatin 
!k.*  It  lies  in  vertical  beds  striking  N.  80^  E.  Sample  is 
I  In  the  S.  E.  }  of  the  same  section  and  particularly  in  the 
B.  "forty"  there  is  a  great  deal  of  this  rock.  It  rises  in  a 
Ige  15  feet  above  a  cedar  swamp.  It  is  feldspathic  or  felsitic 
d  stands  in  vertical  strata  having  the  usual  strike  for  this 
mation.     Samples  are  378. 

Prof.  A.  H.  Chester,  in  the  Eleventh  Annual  Report  Geology 
Uinnesota,  p.  156,  speaks  of  hematite  boulders  in  a  layer  of 
ick  sand,  which  he  observed  at  the  bottom  of  a  shaft  15  feet 
ep  in  Animike,  a  short  distance  north  of  here.  Perhaps  they 
TO  on  top  of  the  Keewatin  and  were  covered  up  by  the  Ani- 
ke  sediments. 

rhe  Animike  beds  appear  to  be  considerably  broken  in  this 
[ion.    Several  very  large  masses  of  strata  were  seen  that  were 

'Tbto  !■  baltored  to  be  the  fint  observation  rei>ort€d  of  the  existence  of  the  green  icbista 
lb  iMmatloii  Muth  of  the  Giant'd  range. 
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in  horizontal  position  and  evidently  bnt  slightly  distniMinn 
their  original  position.    Some  of  them  are  on  the  hill  aibore  tkfr 
Keewatin  and  only  about  200  feet  away  from  exposoreB  of  itii 
the  S.  E.  i  sec.  11,  59-14.    There  seems  to  be  no  reason  to  doalt 
that  the  black  iron  ore  rock  lies  horizontally  and  nnconformiUj 
on  the  upturned  edges  of  the  Keewatin.    We  dug  a  shaft  by  tl» 
side  of  a  large,  flat-lying  mass  of  Animike  here;    It  was  inI> 
proven  to  be  certainly  in  situ;  but  had  evidently  been  butaUghtlf 
disturbed.    In  this  same  section  in  various  other  places  Anhnib 
in  place  is  found  lying  above  exposures  of  Keewatin  quite  nevf 
but  no  actual  contact  was  seen. 

There  is  another  shaft  in  the  iron  ore  rock  in  the  N.  W.  1 8% 
14,  59-14.  It  lies  nearly  horizontal  and  the  rock  has  the  oBOit 
gray,  arenaceous,  magnetitic  appearance.  It  is  glaciated  on  tk» 
surface  but  the  direction  could  not  be  taken  owing  to  the  mag- 
netic disturbance.    One  sample  from  here  is  379. 

The  black  slates  and  quartzytes  in  sec.  22,  59-14  do  not  warn 
to  be  so  magnetitic,  but  contain  veins  or  bands  of  blackish  qnutt 
or  jasper.  This  jasper  is  granular  and  upon  being  pounded  it 
crumbles  and  displays  many  white  grains.  The  rest  of  the  rock 
is  grayish  and  is  penetrated  by  flue  needle-sha];>ed  crystslBof 
hornblende  (!)  No.  380. 

In  the  S.  E.  i  sec.  17,  59-14  there  is  an  outcrop  of  the  schiife 
which  is  supposed  to  be  Keewatin.  It  is  in  vertical  beds  whidi 
strike  N.  75°— K  80°  E.  It  is  dark  gray  and  soft  butsiliceo* 
and  sericitic,  381.  This  is  only  about  one  mile  south  of  Hinsdale 
and  is  remarkably  close  to  the  syenite  ridge  which  rises  150  feet 
or  more  higher,  a  mile  north  of  this  exposure.  The  ^enite^ 
appears  only  half  a  mile  north  of  here.  The  dip  of  the  schists  iB 
vertical  or  at  a  high  angle  to  the  south. 

The  rock  which  forms  the  highest  part  of  the  Oiant's  raogeat 
Hinsdale  is  syenite  which  frequently  has  a  distinct  verticil 
gneissic  structure.  This  syenite  is  reddish  near  the  surface,  bot 
is  gray  about  30  feet  below.  It  contains  porphyritic  crystals  of 
pink  orthoclase,  which  become  deep  red  in  places.  There  art 
lenticular  masses  of  dark,  hornblendic  rock  inclosed  in  tlii^ 
syenite  at  all  depths.  Some  of  these  inclusions  are  five  or  six 
feet  in  diameter.  They  are  always  elongated  perpendicularly 
and  consist  generally  mainly  of  hornblende,  383. 

A  few  intrusions  of  fine  gray  granite  and  pink  granulyteaie 
seen  to  penetrate  the  syenite.  Epidote  colors  the  rock  in  tbe 
proximity  of  veins  and  faults  or  fractures.  Quartz  and  feldspar 
veins  of  limited  extent  are  not  uncommon. 
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The  rock  is  a  handsome  one  for  ornamental  purposes,  and  col- 
umns or  blocks  of  any  required  dimension  quite  devoid  of  flaws- 
or  cracks  can  be  obtained.  It  has  been  quarried  for  the  manu- 
fiKsture  of  paving  stones.  It  is  also  being  employed  in  the  erec- 
tion of  the  Bound  house  of  the  D.  and  I.  R  B.  at  Two  Harbors. 
Twenty-five  samples  of  this  rock  were  obtained,  382.  Olacia- 
tion  is  very  fine  on  top  of  the  ridge,  X.  22°  E.  The  summit  of 
the  range  is  120  feet  by  aneroid  above  the  station  at  Hinsdale. 

North  of  Hinsdale  there  is  a  rapid  descent  in  the  level  of  the* 
country.  At  one  mile  and  a  quarter  from  the  station  is  a  low 
outcrop  of  syenite.  It  is  quite  similar  to  that  in  the  ridge.  It 
outcrops  again  at  2  miles  and  still  again  at  about  3  miles  north. 
of  Hinsdale  station.  At  the  last  place  it  is  red  and  dark  and 
the  hornblende  is  decayed.  Small  geodes  of  quartz  and  calcite 
crystals  are  seen  in  it  here.  One  sample  is  No.  385.  The  level 
here  is  180  feet  below  the  top  of  the  ridge  at  Hinsdale.  There  is 
considerable  drift  mixed  with  numerous  boulders  of  syenite  at 
this  place  and  all  along  back  to  the  ridge. 

The  last  syenite  seen  on  the  railroad  north  from  Hinsdale  is 
about  five  miles  from  the  summit  of  the  Oiant's  range.  It  is- 
reddish  and  lies  in  low  outcrops.  For  the  next  mile  or  two  the 
country  is  low,  flat  and  swampy.  Then  come  knolls  and  ridges 
of  Keewatin  dipping  about  N.  75°.  The  dip  is  lower  th^n  on 
the  south  side  of  the  ridge  or  at  Tower.  Veins  of  calcite  are 
noticed  in  the  rock. 

It  is  noticeable  that  no  Animike  either  in  place  or  as  boulders 
is  seen  north  of  the  Giant's  range.  The  ridge  of  syenite  is  about 
six  miles  wide  from  norfh  to  south  where  the  railroad  crosses  it. 

John  Mallmann  in  charge  of  a  crew  of  25  men  was  at  work  in 
sec  29,  59-14  sinking  shafts  through  the  drift  and  down  to  the 
underlying  rock  in  search  of  iron  ore.  He  finds  the  rock  to 
contain  both  hematite  and  maguetite.  Some  of  it  is  colored 
qnite  red  by  sesquioxide  of  iron.  At  depths  below  the  surface 
varying  from  15  to  40  feet  the  bed  rock  is  encountered.  It  con- 
sists of  thin  strata  of  grayish  rock  which  might  be  termed  fer- 
ruginous quartzyte,  but  it  is  not  pure  quartz  and  iron  ore. 
Borne  of  it  has  an  indistinct  conglomeritic  appearance,  the  peb- 
bles being  fine,  grayish  or  greenisli  or  sometimes  hematitic. 
The  beds  are  not  as  a  rule  more  than  ti  or  8  inches  thick  and 
have  a  low  dip  to  the  south  or  southeast.  The  syenite  is  said  to* 
Vol.  III.— 12. 
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lie  about  }  mile  north  of  here.    Mach  of  the  hematite  fimndii 
these  shafts  shows  a  farther  alteration  toward  limonite.* 

Eed,  heraatitic  rock  having  the  usual  dip  and  appearance  (i( 
hematitic  Animike  strata  is  seen  in  a  shallow  railroad  catabook 
i  mile  south  of  Mallmann's  camp. 

Mr.  Willard  visited  Partridge  river  and  examined  some  a* 
posures  of  rock  in  the  neighborhood.  Grabbro  was  seen  in  li 
railroad  cut  ?  mile  north  of  Beaver  creek,  sec  5,  5S-14.  It  ml 
exposed  for  150  feet  along  the  track.  It  was  somewhat  deeon- 
posed  and  weathered  into  rounded,  boulder-like  forms,  38L 
'One-quarter  of  a  mile  farther  south  is  another  cut  thronf^ 
gabbro.  The  same  rock  is  seen  on  the  south  side  of  Beam 
creek  about  a  hundred  paces  from  the  railroad  track,  and  intt 
forms  all  of  the  knolls  and  is  seen  in  all  of  the  cuts  for  some  dii- 
•'tance  south  of  Beaver  creek. 

On  the  south  side  of  Partridge  river,  about  in  the  N.  E.  1, 8. 
W.  1  sec.  9,  58-14  just  above  a  small  creek  is  a  low  outcrop  d 
black  or  dark-gray,  siliceous,  thick  bedded  slate  which  seems  to 
dip  about  20°  N.,  80°  E.  A  system  of  vertical  joints  pervadei 
this  rock,  the  general  direction  of  which  is  about  east  and  weA 
About  200  feet  down  stream  from  here  the  river  runs  over  tte 
edges  of  these  beds  of  slate.  Following  the  rock  for  somd  dii^ 
tauce  down  stream  an  old  shaft  is  seen  but  no  interesting  feature! 
arc  exposed  l)y  it.  It  is  in  a  ridge  whose  course  is  nearly  noitli 
and  south.  Exposures  of  this  same  rock  were  noticed  in  several 
placets  in  this  vicinity;  the  ledges  rising  about  8  feet  above  flie 
general  level.  The  gabbro  overflow  surrounds  and  nearly  cov«i 
this  rock.  The  strike  of  the  slates  where  the  strata  have  been 
broken  or  lie  in  ridges  for  any  distance,  is  N.  10°  W.  This  roA 
is  not  exposed  over  a  region  exceeding  350  feet  in  diameter.  B 
seems  to  be  a  little  of  the  Animike  formation  which  was  not 


*  An  auftlysis  uf  tliis  liniouito.  iiinde  by  Mr.  C.  F.  Sidener,  gave  the  followiBf. 

Silica,  Si  O, .3.52  per  cent 

Sejiqiiioxide  of  iron,  Fe_.  (»; 87.10  per  cent 

Man^^aiu'se traces. 

Lime  and  Magnr^jia traces. 

Phosphorus.  P 033  percent 

Snl])hur.  S traces. 

NVatfi,  >1,0 9.70  percent 

100.343 

.'Metallic   iron.  Fe 60.97  per  cent 
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oorered  by  the  gabbro  overflow.  It  is  not  iron-bearing  here  to 
any  appreciable  extent  as  are  the  strata  generally  farther  north. 
It  Qcoais  in  thick,  homogeneoos  beds  in  which  the  sedimenta- 
tion is  qaite  evident.  It  is  silico-argillaceous  and  seema  to  be 
carbonaceons.  Samples  are  numbered  387.  The  rock  lies  in 
lower  gronnd  than  the  surronnding  gabbro  knolls,  between 
which  and  the  slate  a  swamp  interveneb. 

In  the  K-  E.  i  of  the  B.  B.  i  sec.  11,  59-14  is  a  shaft  five  feet 
deep.  Ko  rock  in  situ  appears  to  hare  been  encoantered  in  it;  bat 
many  fragments  of  reddish-gray,  qaartzose  rock  are  seen  in  the 
sides  of  the  shaft  and  on  the  surface  roaad  about.  This  land  is 
140  feet  lower  than  that  i  mile  north  of  here.  Samples  of  reddish 
bematitic  ore  from  here  are  338. 

Abont  250  paces  west  of  the  east  quarter  post  of  sec.  11,  59-14 
is  a  shaft  dng  to  a  depth  of  ten  feet  by  the  fitce  of  a  north  and 
south  ledge  of  rock.  The  strata  here  dip  about  15°  slightly  to 
the  sonth  of  east.  Good  iron  ore  is  seen  in  veins  or  bands  2  or 
3  inches  thick  in  the  face  of  this  ledge.  This  wall  of  rock  is 
exposed  for  several  rods  north  and  sonth  of  this  shaft.  It  is 
noticeable  that  the  prevalent  direction  of  the  joints  in  this  for- 
mation is  north  and  south. 

In  a  part  of  sec.  11,  .5tl~14  which  was  visited  on  our  return  to 
Birch  lake,  near  the  center  of  the  section,  Keewatiu  rock  is 
found  standing  asusnalin  vertical  strata.  It  ia quite  feldspathic 
Above  it,  separated  by  a  few  feet  only  of  uuezposed  rock  cov- 
ered by  drift,  are  massee  of  Animike  strata  15  feet  long  and  8 
fbet  thick  which  seem  to  have  been  but  slightly  disturbed  from 
their  original  position.  A  sample  of  the  Keewatin  rock  is  389. 
There  are  qaartz  veins  in  itwhich  contain  talcHke  scales.  389  A. 
Some  of  this  vertical  schist  is  graywackenitic  and  some  granu- 
litic.  Some  resembles  the  rock  found  at  Partridge  river  supposed 
to  belong  to  the  Auimike,  390. 

Onterops  of  felsitic,  siliceous  schist  in  vertical  strata  with  a 
Btrike  N.  80°  £.  are  seen  in  N'.  E.  1  sec.  16,  59-14  near  the  north 
section  line;  391. 

Southeast  from  the  laat  about  200  paces  and  40  feet  higher  is 
found  a  large  solid  ontcrop  of  iron  ore  rock.  It  rises  five  or 
Biz  feet  and  is  seen  for  four  or  five  rods.  It  is  horizontally  strati- 
fied or  has  a  dip  of  less  than  10°  to  the  east.  This  is  considered 
as  certainly  lying  nnconformably  on  the  vertical  Keewatin. 
.  'So.  392  is  from  here. 

There  is  another  ledge  of  irou  ore  rock  (Auimike)  in  N.  W.  \ 
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N.  W.  i  sec.  14,  59-14  near  the  center  of  the  quarter  Bedkiij 
Borne  good  ore  is  found  here,  393.    From  the  way  in  whidli 
Keewatin  schists  are  found  to  underlie  all  this  Ammike 
observer  receives  the  impression  that  an  iron  mine  or  iron 
in  this  formation  here  are  not  of  much  value,  for  it  is  doat 
whether  a  shaft  40  feet  deep  could  be  made  in  the  iron  ore 
anywhere  in  this  township  without  passing  through  it  and 
ing  the  Keewatin. 

Fragments  of  the  Keewatin  rock  are  seen  all  along  the  tnilii 
Twp.  60-13,  indicating  that  it  outcrops  somewhere  and  peibqil 
at  several  localities  between  the  trail  and  the  syenite  ridft] 
The  number  of  rough  pieces  of  Animike  rock  that  are  eveq^ 
where  seen  along  this  trail  show  what  was  the  entire  surfiuxrfl 
the  land  south  of  the  Giant's  range  and  indicate  that  the  repfli 
immediately  south  of  the  ridge  was  to  a  great  extent  proteetsl] 
from  the  force  of  glacial  erosion. 

A  sample  of  quartzyte  which  was  seen  in  angular  fragmenltii: 
60-13  was  obtained  as  showing  fine  stratification.  It  eontuoii{ 
little  magnetite  in  bands  which  fade  out  completely  in  thisqitt' 
imen.  No.  394.  Deposits  of  magnetic  sand  are  seen  on  the  dMn] 
of  Birch  lake  where  the  trail  starts  out,  S.  W.  i,  S.  E.  i  sea  9^| 
61-12.     No.  395. 

BIRCH  LAKE  REGION. 


Tonga  or  Durika  {sand)  river.  This  name  is  bestowed  by  tta 
Indians  on  account  of  the  extensive  banks  of  reddish  sand  and 
gravel  which  form  the  shores  of  the  lake  near  the  mouth  of  the 
stream  and  also  compose  the  bed  of  the  river  for  a  short  distanee 
above  the  lake.  Mingled  with  this  red  sand  is  more  or  less  bbck 
magnetic  sand  sometimes  in  such  quantity  as  to  make  the  besck 
black.     An  instance  of  this  is  in  the  S.  W.  1  sec  33,  61-12. 

For  a  mile  up  this  river  there  is  a  large  amount  of  drift  oontais- 
ing  many  l>ouldors.  The  laud  rises  in  east  and  west  ridges  IM 
feet  or  more  above  the  river.  N<»ar  the  south  side  of  sec  4,  W- 
1*2  the  ridges  seem  to  be  composed  almost  wholly  of  large  granite 
and  syenite  bouldei*s.  It  can  not  be  ascertained  certainlf 
whether  tliey  tire  underlain  by  rock  of  the  same  nature  in* 
or  not. 

South  of  this  ridge  is  another  in  8.  1,  N.  W.  I  sec.  10.  60-12* 
which  hits,  exposed  on  the  surface,  many  angular  fragments  of 

ft 

*  Tlii>  ridK'*  >*<  rcferuxl  to  hy  N.  H.  Windiell,  in  his  fifteenth  annual  report,  p.  U1.' 
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a  knoll  of  syeulte.  The  latter  is  porphyritdc  with  pink  aad  vhite 
feldspar  and  contains  both  biotite  and  hornblende,  together  with 
a  considerable  proportion  of  quartz.  It  rises  in  the  knoll  as  high 
as  the  top  of  the  quartKyte  ridge  bat  slopes  down  and  rans  under 
it.  The  syenite  is  400.  The  quartzyte  is  in  beds  which  are 
nearly  horizontal  and  seem  to  have  abont  the  same  texture  and 
composition  where  it  lies  on  top  of  the  syenite  as  they  have  ten 
feet  higher  up,  401.  A  claim  cabin  is  located  on  the  syenite 
ridge  only  a  few  rods  from  the  quartzyte  ledge.  The  syenite  is 
cat  by  a  few  veins  of  fine,  pink  granulyte.  The  situation  Js 
shown  in  Fig.  2. 


A  trench  was  made  with  some  labor  ftoxa  the  quartzyte  to  the 
syenite  thus  e.Tpo6lng  the  manner  of  contact.  The  Anlmike  was 
found  to  lie  on  the  syenite  in  a  thin,  hard,  homblendic  stratum 
about  Biz  feet  from  the  main  mass  of  exiKwed  syenite.  It  ww 
buried  under  a,bont  five  feet  of  till  with  hardpan  at  the  bottom. 
Samples  of  the  layer  of  Animike  rock  found  lying  on  the  syenite 
are  40C. 

In  the  first  shaft  that  was  dug  down  at  the  foot  of  the  Animike 
bluff  a  large  mass  of  greenish  Eeewatin  rock  was  encountraed 
that  prevented  further  excavation  at  that  place.  Thia  rock, 
which  was  supposed  to  be  a  drifted  fragment,  was  ooated  wiUi  a 
crust  of  calcite  crystals  all  over  the  top.  In  several  places  the 
syenite  was  seen  to  have  a  thin  layer  of  the  hardened  Animike 
rock  adhering  to  it  which  had  not  been  removed  by  glacial  aorap- 
ing.  From  the  appearance  of  such  rock  it  seemed  aa  though  the 
abrading  action  of  the  ice  was  not  so  violent  as  is  generally  snp- 
poae«l. 

In  the  N^.  E.  1  of  S.  W.  1  sec  35,  61-12  the  magnetitio  quorti- 
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granite  and  gabbro  and  are  estimated  to  be  150  feet  above  Birch 
lake.  A  thickness  of  about  25  feet  of  the  iron-bearing  strata 
was  seen  in  the  various  shafts. 

This  same  rock  outcrops  on  the  west  side  of  the  little  bay  in 
S.  E.  1,  S.  W.  I  sec.  24,  61-12,  a  short  distance  back  fjom  the 
shore.     At  this  place  it  is  much  decayed  and  jointed.* 

Vicinity  of  Kaioishiwi  river.  Going  south  on  the  range  line 
between  townships  02-10  and  62-11  on  the  south  side  of  the  river 
in  S.  E.  I  sec  13,  62-11,  search  waR  made  for  the  iron  ore  re- 
ported by  Mr.  Lorenzo  Cleaves.  Nothing  was  found  for  half  a 
mile  except  syenite  in  a  ridge  about  75  feet,  by  aneroid,  above  the 
river.  Then  there  is  a  swamp  and  a  creek,  and  gabbro  hills  are 
reached  in  S.  W.  I  sec.  19,  62-10.  These  hills  are  but  a  little 
over  100  feet  above  the  Kawishiwi.  The  gabbro  is  seen  in  bare 
knobs  and  vertical  bluffs  20  to  40  feet  high.  Some  masses  of 
gabbro  30  feet  in  diameter  have  been  pushed  up  on  top  of  the 
smoothed  knolls  of  solid  rock  and  left  there  by  the  ice. 

In  the  S.  E.  \  sec.  30,  62-10  are  several  shafts,  some  more 
than  20  feet  deep,  in  magnetite  ore.  The  magnetic  attraction  is 
very  strong  here  and  the  needle  dips  90°.  There  being  more 
than  a  mile  and  a  half  of  gabbro  north  of  this  place  and  this  iron 
ore  itself  being  in  hills  of  gabbro  100  feet  high  it  would  naturally 
be  supposed  that  this  ore  is  gabbroitic  magnetite  and  therefore 
titaniferous. 

But  the  ore  is  olivinitic  and  generally  quite  fine-grained,  and 
the  rock  which  contains  it  is  not  a  massive  crystalline  rock  like 
gabbro,  but  stands  in  beds  which  are  nearly  vertical,  though  the 
dip  is  not  constant.  These  strata  are  olivinitic  and  besides  being 
finely  granular,  possess  a  banded* structure  and  are  evidently 
tranaporicd  beds  of  AnimiJce  strata  contained  in  the  great  gabbro 
ocerfloir.  Whether  they  are  between  overflows  of  different 
dates  or  were  surrounded  and  taken  to  their  present  position  at 
the  time  of  a  single  eruption  was  not  evident,  but  the  latter  is 
more  probable.  The  gabbro  itself  being  also  largely  comi>06ed 
of  magnetite  here  renders  it  moredif&cult  to  distinguish  between 
the  two  kinds  of  rock.  Samples  from  the  S.  E.  1  sec.  30,  62-10, 
showing  banded  structure  supposed  to  be  due  to  sedimentation 
are  407.  Specimens  of  the  coarse  gabbro  magnetite  are  410. 
The  Animike  is  quite  hornblendic  here  as  at  the  locality  north 
of  Birch  lake,  sec.  24,  61-12.  The  gabbro  which  forms  maaaive 
knolls  all  around  this  place  is  not  so  much  decayed  as  the  iron 


N.  11.  Winchell,  1-lfleenth  annual  report,  p.  33.3. 
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qnartzyte,  nor  does  it  display  any  banding  nor  any  other  signs 
of  bedding  as  do  the  enclosed  strata  of  Animike.*  The  general 
strike  of  the  latter  is  east  and  west. 

A  trip  was  made  from  the  Kawishiwi  river  in  X.  W.  i  sec.  25, 
63-10  southeastward  into  sec.  36.  Gabbro  ridges  and  knolls 
from  70  to  100  feet  above  the  river  are  crossed.  Many  large 
fragments  of  greenish  schist  from  farther  north  lie  on  the  surface, 
also  boalders  of  syenite  and  amphibolyte  or  dioryte.  This  gab- 
bro is  rather  coarse  and  is  magnetitic  in  spots  and  stresiks;  412. 
There  are  belts  of  coarse  hornblende  and  labradorite  found  in 
it.  412  A.  Included  in  the  gabbro  are  irregular  masses  of  all 
sizes  of  fine,  grayish  rock  that  seems  to  be  composed  of  rounded 
grains  and  resembles  Animike.  There  is  no  evidence  left  of 
former  stratification,  and  in  places  where  it  has  been  highly 
altered  this  rock  ha8  the  composition  of  a  fine  gabbro.  But  the 
transition  from  it  to  the  gabbro  is  always  abrupt  and  the  out- 
lines of  the  included  masses  of  it  are  plainly  seen.  413.  This 
rock  is  slightly  ferruginous  if  at  all:  but  the  gabbro  contains 
much  shining,  coarsely  crystalline  magnetite.  414, 

In  the  S.  E.  1,  S.  E.  i  sec.  25,  6i^l0  the  gabbro  contains  some 
large  masses  of  very  coarse  hornblende.  There  are  places  in 
the  gabbro  four  to  six  feet  in  diametiT  which  contain  or  are 
wholly  made  up  of  black  hornblende  crystals  six  inches  long. 
There  is  a  little  mica  in  connection  with  it,  also  some  coarse  lab- 
radorite.    415. 

Vicinity  of  Long  lAike,  The  hills  in  the  N.  \V.  I  sec.  20,  63-12 
are  composed  of  diabasic  rock.     They  rise  about  100  feet  above 

*An  analysis  of  the  magnetite  snpposcd  to  belong  to  tlic  enclosed  beds  of 
Animike  and  therefore  to  be  nou-tiUmiferoua,  was  niiide  by  Mr.  C.  F.  Sidener. 
No  titaniam  being  found  in  it  the  etVert  of  the  gabbro  does  not  seem  to  have 
been  intense  enough  to  invest  the  magnetite  with  harmfnl  ingrc-dii-nts. 

Silica,  SiOa 11.  o«  ikt  eent 

Alnmina.  AljO., Traces. 

Magnetic  oxide  of  iron,  FeaU, H5..V)  jK*r  cent 

Titaniam.  TiO^ Ntme. 

Lime,  CaO '22  per  cent 

Magnesia,  MgO 3.44     " 

Phoepfaornfi,  P ()*i    *• 

Snlphnr,  S Traces. 

l(M).f>2    "     ** 


4i 
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Metallic  iron,  Fe *i\  .9."'i 
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the  lake,  and  in  them  are  seen  the  same  coarse  boalder  forms*  as 
have  l>e<*n  noticed  in  this  rock  farther  east,  also  at  the  railroad 
cut  u<.*ar  the  Chandler  mine,  on  the  south  shore  of  the  lake  iu 
sec.  28,  and  in  the  N.  E.  1  s«'C.  5,  62-12.  On  the  north  side  of 
the  first  ridge  north  of  the  lake  the  rock  is  not  so  diabasic,  bat 
is  the  usual  more  or  less  fissile  sericitic  schist. 

In  the  \.  E.  I  sec.  9,  03-12  the  sericitic  schist  changes  rapidly 
across  the  strike,  going  north,  into  granite,  becoming  first  sili- 
ceous, then  feLsiticor  feltlspathic  and  finally  micaceous.  Speci- 
mens illustrating  this  are  Xos.  416  to  416  E.  The  granite  still 
preserves  in  places  a  coarse  vertical  schistosity.  North  of  this 
granite,  which  continues  only  for  a  short  distance,  is  hornblendic 
biotite  schist  crossed  by  veins  or  intrusions  of  syenite  and  gran- 
ite; 417.  This  dark  schist  is  in  vertical  strata  having  the  usual 
strike  of  about  X.  60°  E.  The  lake  which  lies  in  sec  4,  63-12 
is  about  75  feet  higher  than  the  lake  just  south  of  it. 

Going  overland  from  the  lake  to  the  X.  W.  corner  sec.  4, 
63-12  the  rock  is  found  to  be  hornblende-biotite  schist  dip- 
ping north  at  an  angle  of  75°  or  more.  Most  of  it  is  very  dark 
colored  and  heavy,  418.  Nothing  was  seen  of  the  belt  of  mag- 
netic iron  which  had  been  reported  to  exist  in  this  section. 

Going  south  from  Ely  into  sec  4,  62-12  the  rock  is  found  to 
be  mostly  covered  by  a  thick  deposit  of  drift  until  the  N.  W.  i 
sec.  4  is  reached.  Here  there  is  seen  an  abrupt  ridge  of  sericitic 
green  schist  striking  N.  60°  E.  and  having  a  vertical  dip.  This 
ridge  rises  75  feet  above  the  swamp  on  the  north  side  of  it.  The 
rock  contains  considerable  ealcite  as  at  Ely.  419.  G^ing  west 
several  pits  are  seen  dug  in  the  low  ground  north  of  the  ridge. 
All  of  them  penetrate  a  soft  reddish  rock  strongly  impregnated 
with  iron  similar  in  appearance  to  that  in  the  mines  at  Ely.  It 
seems  probable  that  the  depression  north  of  this  ridge  may  have 
been  produced  by  reason  of  the  softer  nature  of  the  iron  ore 
beds  which  may  lie  in  there.  And  it  is  not  at  all  unlikely  that 
rich  beds  of  sort  ore  underlie  the  swamp  referred  to.  In  the  N. 
E.  1  sec.  5,  62-12  a  large,  glaciated  surface  of  the  green  rock  is 
exposed.  There  is  here  a  tine  exhibition  of  the  coarse  agglom* 
eritic  structure  mentioned  al.)ove.  A  diamond  drill  just  east  of 
this  place  has  gone  down  60  feet  in  the  same  rock. 


♦^Thls  i«-  rt'fern.'il  to  liv  Mr.  A.  C.  Lawsou  in  his  reiiort  on  Lake  of  the  Woods  u  »*'coxi«*- 
lionury  i/.' )  trap  strucliin'." 
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LAKE  SUPERIOR  TBIP. 

The  country  south  and  east  of  Bald  Eagle  lake  (the  Indian 
name  for  this  lake  is  Mwhiwishiici  sagaegan  or  Beaver-house  lake) 
has  been  burnt  over  and  is  now  covered  by  a  small  growth  of 
aspens,  birch,  jack  pine,  spruce,  etc.  It  is  rocky  and  hilly,  the 
hills  of  gabbro  rising  100  feet  or  more  above  the  general  leveL 
The  route  to  lake  Superior  lies  up  the  river  which  enters  the 
south  side  of  Bald  Eagle  lake.  This  stream  is  smooth  for  a  short 
distance  and  has  low  swampy  banks.  A  rapid  where  the  river 
falls  50  feet  is  then  encountered  and  above  it  again  the  smooth, 
currentless  stream.  The  solid  rock  is  all  gabbro  and  most  of  the 
boulders  are  of  the  same  material,  though  there  are  a  few  boulders 
of  Keewatin  greenstone  and  of  granite.  On  the  first  portage  there 
are  seen  some  large  pieces  of  white  vein  quartz.  The  gabbro  for 
a  mile  or  two  is  almost  wholly  composed  of  labradorite.  In  one 
place  was  seen  quite  an  accumulation  of  boulders  of  siliceous 
greenish  rock  like  that  at  the  west  end  of  Knife  lake. 

The  land  in  the  S.  W.  \  of  township  62-8  is  quite  uniformly 
level.  The  lake  in  sections  29  and  32  has  low  shores,  mostly 
marshy.  The  rock  is  gabbro,  many  boulders  of  which  lie  around. 
The  lake  and  river  seem  to  be  almost  on  top  of  the  gabbro  ridge, 
the  hills  around  them  are  so  low. 

Lake  IsabeUe.  The  shores  of  the  west  side  of  this  lake  are 
composed  of  gabbro.  They  are  generally  about  ten  feet  high, 
but  sometimes  rise  to  forty  feet.  The  gabbro  is  very  much 
decayed  near  the  surface.  It  is  composed  principally  of  labra- 
dorite; but  contains  some  biotite  and  a  little  magnetite.  There 
are  occasional  small  pieces  of  granular  olivinitic  rock,  supposed 
to  be  Animike,  enclosed  in  the  gabbro.  They  are  hard  and 
sometimes  have  a  basaltic  structure.  A  sample  of  gabbro  from 
N.  W.  1,  S.  E.  1  sec.  35,  62-8  is  •i20.  There  are  numerous  bould- 
ers of  fine  siliceous  greenstone  from  farther  north  seen  lying 
around  the  shores  of  the  lake.  The  Indians  call  this  lake  by 
the  same  name  as  Gabbro  lake,  viz. :  Kazushkonahigka-gamal',  the 
lake-with-the-shores-ofshelving-rock.  On  the  east  side  of 
the  point  last  mentioned  is  a  beach  of  sand  and  pel>l)les.  The 
'  latter  consist  of  siliceous  greenstones,  porphyrytes,  granites  and 
gabbro,  421. 

The  gabbro  in  the  bay  east  of  this  point  is  smoothed  by  glacia- 
tion  and  considerably  decayeil.  It  contains  in  one  place  ten  feet 
of  hard,  greenish  rock  in  a  dyke  or  bed  about  a  foot  wide,  which 
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seems  at  first  to  be  trap,  but  is  not  maasiyely  crystalline  vA 
seems  to  contain  some  roanded  grains,  and  therefore  may  be 
Animike  rock  hardened  by  the  action  of  the  gabbro. 

In  the  S.  W.  1  of  S.  E.  i  sec.  36,  62-8  there  is  a  dyke  1« 
inches  wide  exposed  for  30  feet.  It  is  perfectly  straight  and ii 
composed  of  tough  green  rock.  The  dyke  walls  are  well-definei 
and  it  maintains  the  samcit  width  for  the  whole  distance  of  itsei- 
posure.  This  rock  liardly  appears  like  trap;  it  is  too  grannlff 
and  not  sufliciently  crystalline.  Neither  can  it  be  said  to  resen- 
ble  the  Animike  rock.  The  direction  of  this  dyke  is  X.  Gl'^t 
422. 

In  the  S.  E.  !  sec.  30,  02-8  the  gabbro  stretches  out  in  lon{t 
low  roefs  into  the  lake.  Beds  of  sand  which  is  the  result  of  rot- 
ting gabl)ro  occupy  the  liollows.  There  seem  to  be  layers  or 
bods  in  this  gabbro  that  are  like  the  rock  found  in  the  dyke, 
422.  Tlie  question  arises  whether  this  rock  was  igneous  and 
flowed  over  on  the  gabbro  or  whether  it  is  changed  Animike 
enclosed  in  it.     Glaciation  is  N.  24°  E. 

Some  of  the  gabbro  is  fine  grained  and  brown  and  contain 
more  biotite  than  the  gray.     Perhaps  this  is  what  has  beencalM 
''muscovado.-'     One  sample  from  the  south  shore  of  the  lake 
just  east  of  the  range  line  in  Twp.  62-7  (unsur^^yed)  is  423. 

Swamp  Lake  river  (Maslif/oftihi)  enters  lake  Isabelleonlhe 
east  sich^  This  river  is  a  series  of  lakes  connected  by  a  snttH 
stream.  About  two  miles  up  this  stream  a  change  takes  place  in 
the  gabbro.  It  is  found  to  be  composed  of  re  c  sh  feldspar  and 
nnich  hornblende  with  a  little  biotite,  magnetite,  pjTite  and 
sometimes  galena.  Streaks  of  this  reddish  gabbro  ai'e  first  seen 
running  through  the  gray  and  then  it  all  becomes  red,  and  larp 
massive  knolls  ari.'  formed  of  it.  Xos.  424,  424  A.  and  424 R 
illustrate  this  ehange. 

The  rout<-  to  lake  Superior  lies  through  the  series  of  small 
lakes  connected  by  a  stream  wliich  comes  from  the  east  and  south- 
east.    This  stn^am  is  very  rocky  and  full  of  rapids  and  com* 
from  Kaminisabikukak  lake  which  has  been  re-named  lake  Bi 
lissinia.     Tliis  lake  is  about  two  and  a  half  miles  across  firtME 
east  to  w<\^l  and  four  miles  long  from  N.  W.  to  S.  E.     It  issituir 
ted  in  th<»  southeast  ])art  of  Twp.  01-7,  and  perhaps  extends  int!J> 
Twp.  Gl-H.     Xotwithstanding  the  rapids  in  the  jiver  a  person 
reeeives  tin*  ini])ression  that  the  country  is  unusually  level.    5o 
hills  of  any  considerable  hight  are  seen,  and  at  times  the  stream 
is  merely  a  narrow  lake  a  mile  or  more  in  length  withaloif 
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pid  at  each  end  and  shores  not  over  20  feet  high.  The  conn- 
Y  has  all  been  burnt  over  and  the  only  trees  are  small  poplar, 
rch,  willow  and  jack  pine.  A  great  many  boulders  principally 
gabbro  are  seen  on  all  hands.  There  are  also  boulders  of  trap 
id  red  Cupriferous  rock  for  two  or  three  miles  west  of  Bellis- 
ma  lake.  The  solid  rock  is  all  gabbro.  West  of  the  lake  it  is 
sarly  pure  labradorite,  but  toward  the  east  it  is  associated  with 
larger  proportion  of  magnetite.  It  decays  rapidly  and  crum- 
les  apart  forming  beaches  of  sand  which  is  nothing  but  decom- 
Qsed  labradorite  feldspar.  The  Indian  name  for  this  lake  vr 
pplied  with  reference  to  the  large  number  of  boulders  which 
Be  the  shores  and  stand  several  feet  out  of  water  at  some  dis- 
ince  from  the  shore  all  around  the  lake. 

There  are  sand  and  gravel  beaches,  beaches  of  small  cobble 
X>ne8,  beaches  of  moderate  sized  boulders,  and  beaches  where 
lie  boulders  average  more  than  six  feet  in  diameter,  while  some 
re  fifteen  to  twenty  feet.  The  largest  boulders  are  of  gabbro; 
nt  many  of  the  smaller  ones  are  greenstone  or  red  amygda- 
)idal  trap.  There  are  comparatively  few  exposures  of  solid 
Dck  around  this  lake,  but  all  the  rock  that  is  seen  is  gray  gab- 

10. 

The  stream  which  enters  the  southeast  corner  of  the  lake  is 
imoeable  for  only  a  short  distance,  about  half  a  mile  above  Bel- 
inima  lake.  A  portage  of  a  half  a  mile  is  then  made  to  a  small 
Bke  and  then  another  portage  of  one  and  a  half  miles  south  to 
ake  Gaokakag,  or  lake  Harriet.  The  country  has  a  heavy  cov- 
•ring  of  drift  sand  and  gravel  and  but  little  rock  is  exposed. 
iJany  of  the  pebbles  and  bouUlei-s  are  from  the  Cupriferous, 
^ecasionally  there  is  seen  an  outcrop  of  gabbro,  quite  coarse  and 
Motaining  considerable  magnetite.  The  surface  is  rolling  and 
*pen,  having  been  burnt  but  a  few  years  ago. 

Lake  Harriet  is  al)out  two  miles  long.  It  is  a  beautiful  body 
tf  water  set  in  hills  heavily  covered  with  white  pine  around 
ihe  south  half  of  the  lake.  High  water  is  maintained  in  it  by 
1  beaver  dam  at  the  outlet.  The  long  portage  necessary  to 
Hake  in  order  to  reach  the  lake  from  the  north  cuts  od  an 
Dpassable  part  of  the  river.  This  lake  is  70  feet  higher  than 
le  small  lake  at  the  north  end  of  the  portage.  The  country 
^tween  these  two  lakes  is  good  farming  land,  Init  is  now  nearly 
ire,  having  been  burnt  recently. 

At  the  outlet  of  lake  Harriet  there  is  a  massive  exposure  of 
Idish-gray  rock,  which  crosses  the  river  and  forms  a  rapid. 


i 
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This  rock  is  a  phase  of  the  gabbro.  Some  of  it  is  fine  and  hard 
and  very  tough.  It  is  composed  of  hornblende,  biotite  and  red 
feldspar.  A  little  farther  south  the  rock  is  coarser  and  contains 
asmall  amount  of  gray  labradorite.  Then  thetwo  kinds  of  feldspar 
occur  in  equal  proportions.  From  here  the  red  feldspar  fades 
out  until  the  usual  condition  of  the  gray  gabbro  is  reached. 
Where  the  fine,  hard,  reddish-black  rock  is  first  seen  it  does  not 
look  at  all  like  gabbro.  Xos.  425  to  425  G  illustrate  the 
change. 

Hornblcndic  gabbro  is  seen  in  a  low  exposure  not  far  east  of 
the  north  end  of  the  lake.     Xo.  426. 

This  lake  is  situated  in  sees.  20,  29  and  28,  60-6.  Very  few  ex- 
posures of  rock  are  seen  around  it,  the  shore  being  mostly  com- 
posed of  the  drifb  which  supports  such  a  fine  growth  of  pine. 
Hills  of  drift  60  feet  high  surround  the  lower  end  of  the  lake. 
A  few  boulders  are  seen  on  the  lake  shores,  but  they  are  mostly 
sandy.  There  is  an  immense  accumulation  of  boulders  just 
north  of  the  lake  —  large  bare  ridges  of  all  sorts  of  boulders, 
trap,  gabbro,  Cupriferous,  Keewatin,  porphyry,  granite  and 
Animike  slate.     These  ridges  are  evidently  morainic  deposits. 

A  short  portage  of  285  paces  leads  southeast  from  lake  Har- 
riet to  Pine  lake  just  east  of  it.  Some  trap  and  a  peculiar  rock 
of  various  colors  and  texture  were  seen  on  this  lake.  The  notes 
here  were  taken  bv  Mr.  Grant. 

A  half  mile  portjige  leads  across  the  divide  from  Pine  lake  to 
a  small,  nameless  lake  30  feet  lower.  No  rock  was  seen  around 
this  lake. 

A  long  portage,  over  two  miles,  leads  south  to  Kapokegamak 
or  Crooki'd  lake,  in  Twp.  50-6.  The  country  is  all  covered  with 
a  fine  growth  of  green  timber.  The  drift  is  rich  and  evenly  dis- 
tributed and  the  land  is  good  for  farming. 

In  sec.  15,  59-0  some  fine-grained,  olivinitic  gabbro  was  found. 
It  is  cut  by  extensive  dykes  of  green  trap. 

A  sample  of  gabbro  which  was  found  in  place  on  the  west  side 
of  Crooked  lake  is  428.  Steep  hills  of  trap  occur  just  west  of 
the  northern  narrows,  sec.  15,  59-6.  This  trap  is  porphyritic 
with  green  feldspar(?).  It  outcrops  in  several  spots  around  the 
lake  south  of  here.  429.     Glaciation  is  K.  6°  E. 

From  Crooked  lake  a  short  poitage  leads  south  to  a  small 
nameless  lake  on  which  no  rock  was  seen.  From  here  a  portage 
of  one-half  mile  leads  to  Xine  Mile  lake,  so-called  because  it  is 
nine  miles  by  trail  to  lake  Sux>erior  and  no  more  canoeing.     On 
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L  and  west  sides  of  this  lake  are  exposures  of  rather  fine- 
olivinitic  gabbro.  430. 

ing  the  nine  mile  portage  trail  south  a  distance  of  one 
rail  x>ond  less  than  one-fourth  mile  long  is  encountered. 
5  feet  lower  than  ^Nine  Mile  lake.  In  the  next  half  mile 
rises  220  feet  and  reaches  a  pond  205  feet  above  the  last 
:e.  Lake  Superior  can  be  seen  from  the  hills  surround- 
pond,  which  rise  76  feet  above  it.  The  land  on  the 
>re  of  the  great  lake  can  also  be  seen  with  the  naked 
is  x>ond  is  supposed  to  be  in  sec.  35.  58-6. 
eek  which  flows  from  the  pond  runs  in  a  deep  gorge, 
wall  of  this  gorge  is  Cupriferous  and  the  west  wall  is 
led  olivinitic  gabbro  or  trap.  This  is  the  first  true 
)us  seen  on  this  route.  It  rises  in  high,  precipitous 
dsting  of  a  reddish  felsitic  rock  very  much  jointed  and 
ig  light  and  dark  spots  and  streaks.  Several  shafts 
n  dug  at  the  foot  of  the  gabbro  ridge  on  the  west  side 
•ge  mentioned  above.  Fragments  of  the  reddish  Cuprif- 
k  were  thrown  out  from  all  of  these  pits;  and  in  fact  that 
tntly  the  only  rock  found  in  digging  them.  In  one  of 
fts  the  red  rock  seems  to  be  in  place.  This  is  just  below 
bluff  of  gabbro  which  therefore  seems  to  lie  upon  the 
>us  here.  Still  they  may  be  side  by  side  and  neither 
bove  the  other.  The  gabbro  contains  more  olivine  and 
letite  than  that  seen  six  miles  north  of  this  place.  The 
K>undary  line  between  the  gabbro  and  Cupriferous  runs 
jhe  south  tiers  of  sections  in  the  east  half  of  township 
imples  of  the  gabbro  are  431.  The  Cupriferous  is  432. 
m  this  high  ridge  and  the  range  of  hills  just  north  of 

there  is  a  low,  broad  valley  heavily  timbered.  The 
;  not  cross  the  highest  part  of  the  ridge  along  the  lake 
it  follows  the  valley  of  a  small  stream  which  seems  to 

a  gorge  through  the  ridge,  but  probably  followed  a 
iepression.  Xo  rock  was  seen  exposed  south  of  the 
Age.  The  trail  descends  1125  feet  between  the  small 
itioned  last  and  lake  Superior.  There  are  hills  around 
i  100  feet  high,  and  the  gabbro  ridge  is  therefore  1225 
leroid  above  lake  Superior,  or  1827  feet  above  sea  level. 
I  comes  out  at  Pork  bay.  The  hills  at  the  west  side  of 
-ise  330  to  460  feet  above  the  lake. 
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GUNFLINT  LAKE. 

A  small  stream  from  the  north  enters  the  east  end  of  the  lake 
just  north  of  the  boundary  river.  A  few  rods  west  of  the  mouth 
of  this  creek  gabbro  is  seen  lying  in  Aniniike  slates.  About 
one-eighth  of  a  mile  up  the  creek  rock  in  place  is  noticed.  This 
is  a  ridge  of  vertiwilly  bedded  rock  supposed  to  be  Keewatin. 
Strike  is  X.  80°  E.  Dip  is  not  constant.  Some  of  it  is  fine- 
grained and  lliuty  and  resembles  the  Knife  lake  rock.  433.  Far- 
ther up  on  the  cast  side  of  the  creek  the  same  rock  is  coarser 
and  not  so  siliceous,  but  contains  chlorite  or  sericite.     Xo.  434. 

It  Wius  beciiuse  of  reports  of  red  jasper  being  found  here 
that  a  visit  wiis  made  to  this  creek.  This  jasper  was  found  to 
be  in  beds  of  Auimike  lying  horizontsilly  on  the  opposite  side  of 
the  bed  of  the  creek  from  the  KecYV'atin.  The  bed  of  this  stream 
lies  in  the  liu(?  of  contact  between  these  two  formations.  The 
Anlmike  is  flinty  and  becomes  more  reddish  farther  up  the 
creek,  435. 

About  one-quarter  of  a  mile  up  the  stream  the  creek  spreads 
out  into  a  marshy  lake.  A  north  and  south  Canadian  survey 
line  between  297  T  and  298  T  crosses  the  creek  at  the  head  of  the 
rapid  water.  At  this  place,  on  the  east  side  of  the  stream,  are 
thick  beds  of  horizontal  Auimike.  It  hiis  here  the  nature  of  a 
somewhat  decomposed,  fine,  dark  conglomerate.  The  pebblea 
in  it  arc  iron  rusted;  they  are  sometimes  an  inch  long,  but  gen- 
erally k-iss  than  half  an  inch.  They  are  flattened  horizontally, 
430.  On  a  knoll  above  this  conglomerate,  a  short  distance  east 
of  it  is  found  another  outcrop  of  schistose  Keewatin.  It  is  green- 
ish and  somewhat  sericitic,  437. 

In  the  bed  ol*  this  same  creek  there  is  found  the  contact 
between  Ivt^ewatiii  and  Animike.  The  two  rocks  are  very  simi- 
lar in  app(^T.rance  and  texture  at  the  point  of  contact,  and  it  is 
only  by  following  up  what  is  plainly  Keewatin  on  one  side 
and  what  is  known  to  bo  Animike  on  the  other  until 
tliey  come  together  tliat  the  junction  could  be  determined. 
Even  tluMi  the  actual  line  of  contact  cx)uld  not  be  seen,  being  in 
the  Ix.'d  of  the  creek  of  running  water;  but  a  person  can  stand 
with  one  foot  on  rock  that  is  plainly  horizontally  stratified  and 
is  magnetitic,  and  the  other  foot  on  a  slightly  dilTerent  rock  that 
is  lighter  colored,  contains  no  magnetite  and  has  vertical  bands 
of  sedimentation.  The  space  between  is  occui)ied  by  rock  that 
may  ))elong  to  one  formation  or  to  the  other  and  is  somewhat 
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broken  up.  The  best  place  to  observe  this  contact  is  at  the 
water's  edge  on  the  east  side  of  the  brook.  The  Keewatin 
strikes  N.  80^  E.  and  has  a  high  dip  to  the  north  or  is  vertical; 
a  little  ferther  down  the  creek,  however,  it  dips  S.  75°.  A  ridge 
of  the  Keewatin  on  the  east  side  of  the  stream  rises  above  the 
Animike  which  lies  unconformably  in  almost  fiat  beds  upon  and 
against  it.  The  Animike  is  438.  Specimens  of  the  Keewatin 
are  439. 

Gk>ing  south  from  Gunflint  lake  to  Loon  lake  a  ridge  of  gabbro 
300  feet  high  is  crossed.  Loon  lake  is  195  feet  above  Gunflint  by 
aneroid.  Mayhew  lake  is  110  feet  above  Loon  lake.  It  is  sur- 
rounded on  the  west  side  by  low  gabbro  hills.  This  gabbro  con- 
tains considerable  magnetite.  Several  claim  cabins  are  located 
on  this  gabbro  ore.  The  gabbro  in  Tucker  lake  just  west  of 
Mayhew  lake  is  also  magnetitic.  It  is  quite  coarse  and  decayed 
and  presents  a  gncissic  or  foliated  appearance.  A  sample  from 
N.  E.  J,  K.  W.  }  sec.  2,  64-3  is  440.  In  the  S.  W.  i,K  W.  I  same 
section  there  is  some  fine  dioritic  looking  gabbro  which  also  con- 
tains magnetite.  441.  This  lake  being  305  feet  above  Gunflint 
it  is  not  likely  that  there  is  any  Animike  exposed  on  its  shores; 
and  indeed  none  was  seen. 

In  the  S.  E.  i,^,  W.  i  sec.  2, 64-3  the  gabbro  contains  parallel 
bands  of  magnetite  which  dip  S.40°  and  give  the  rock  a  decidedly 
stratified  aspect.  Some  of  the  beds  or  bands  of  magnetite  are 
four  or  five  inches  thick,  others  only  a  fraction  of  an  inch.  .  Xo. 
442. 

The  gabbro  on  the  south  side  of  Tucker  lake  presents  a  ba- 
saltic structure.  It  is  very  coarse  and  the  planes  of  intersection 
are  nearly  at  right  angles  with  each  other.  One  set  dips  S.  20° 
W.  45°;  the  other  set  is  vertical.  The  gabbro  here  is  unusually 
biotitic.  It  also  contains  white  feldspar  equal  in  amount  to  the 
labradorite  in  places.  Xo  considerable  amount  of  magnetite 
was  seen  around  the  lake.     It  was  all  mixed  in  with  the  gabbro. 

The  point  that  runs  through  sec.  85,  65-3,"on  Loon  lake,  is 
highest  in  the  X.  W.  \  sec.  35.  It  is  made  up  of  hills  of  Ani- 
mike capped  by  trap  or  line  gabbro.  There  is  here  a  thickness 
of  about  150  feet  of  black  Animike  slate  dipping  S.  30°  or  more, 
and  30  feet  or  more  of  trap  rock  on  top.  The  slate  and  trap  are 
represented  by  443  and  444  respectively.  There  is  a  gradual 
transition  between  these  two  rocks,  the  slates  having  been  some- 
what metamorphosed.  Large  pieces  of  coarse  porphyry  are  seen 
on  top  of  this  hill.  One  large  mass  had  trap  rock  stuck  fast  to 
Vol.  III.— 14. 
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one  side  of  it.  This  rock  was  not  seen  in  place  here,  bateri> 
dently  belongs  in  the  vicinity.  Nos.  445  and  445  A.  are  tilepQ^ 
phyry  and  trap.  The  Animike  here  apx>ears  remarkably  thii] 
and  the  gabbro  on  top  of  less  depth  than  supposed. 

In  the  X.  W.  J,  X.  W.  1  sec.  23,  65-4  is  a  pit  12  feet 
which  goes  down  through  highly  magnetitic  beds  of  Anii 
for  nine  feet  and  then  into  the  granite.     This  is  nearly  as! 
as  the  top  of  the  Giant's  range.     The  Animike  is  fiue-j 
and  contains  less  olivine  than  that  south  of  Birch  lake,  batM 
very  much  the  same  general  appearance  and  lies  like  it,in8tiilij 
dipping  S.  15°  to  30°.     The  best  ore  here  is  quite  pure.    AM] 
four  feet  thickness  of  this  good  ore  is  seen  at  the  top  of  theshiL 
446.    This  ore  possesses  very  strong  magnetic  properties.  Tta! 
beds  of  Animike  which  lie  upon  or  closely  above  the  syenite  iri| 
gmnit^.^  seem  to    be  very  generally  ferruginous  andsometiiMll 
excellent  ore. 

The  rock  of  the  Giant's  range  here  is  very  similar  intestontl^ 
that  south  and  west  of  Birch  lake, — only  it  seems  to  contiitj 
mica  here  instead  of  hornblende.  The  gneissic  structure,  hot* j 
ever,  the  color  and  the  abundance  of  large  bluish  grains  of  qaarti 
are  sugge>stive  features  and  remind  one  Instantly  of  the  GiaBh] 
range  at  Birch  lake  and  at  Hinsdale. 

Gun  flint  lake  to  Oglnhko  Muncie,  In  the  X.  E.  \  sec  25.  fiH 
just  at  tlio  upper  end  of  the  firet  portage  on  the  river  above Gon- 
flint  lake  is  a  blufl'of  Animike  slates  on  the  south  side  of  tto 
stream,  75  feet  high.  The  northern  fiice  of  the  bluff  is  perpendi^ 
ular,  exposing  finely  the  edges  of  the  nearly  horizontal  straUrf 
black  slate.  This  bluff  of  slate  is  seen  to  lie  upon  trap  rock  in* 
which  it  grades  by  the  metamorx)hism  of  its  lower  beds.  Tiiil 
trap  or  greenstone  extends  in  a  bare  exposure  for  20  rods  or  mow 
north  of  the  river.  It  is  seen  to  beat  least  ten  feet  thick  andhn 
a  surface  dip  the  same  as  the  slate  beds.  In  some  places  it  i8po^ 
phyritic  with  white  feldspar  in  spots  or  streaks:  it  then  looh 
like  the  porphyry,  445,  found  south  of  Loon  lake.  Thereis* 
great  exposure  of  this  massive  rock  here,  and  it  is  plainly  se« 
to  run  under  the  slate  bluff.  Some  of  the  Animike  is  a  breocil 
containing  angular  pieces  of  some  sedimentary  rock  and  of » 
crystallines  rock  as  large  as  six  inches  in  diameter. 

The  greenstone  which  is  probably  part  of  the  Keewatin.  iscui 
by  a  fine  trap  dyke  8  to  15  inches  wide,  exposed  for  150  feet 
running  N.  10^  E.  It  contains  pieces  of  the  Animike  or  some 
other  sedimentary   rock.     Two  or  three  smaller  dykes  run  ai 
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right  angles  to  this  one.   Nos.  447  to  447  H  are  from  here,  also 
17o.  448,  which  represents  the  brecciated  Animike. 

On  the  trail  which  runs  west  through  sections  26,  27  and  28, 
65-4,  no  rock  other  than  Animike  is  seen.  The  country  is  ele- 
vated, 400  feet  at  least  above  Gunflint  lake,  and  yet  the  nearly 
horizontal  beds  of  slate  are  found  all  the  way  up  to  the  top. 
Some  of  it  is  quite  magnetic,  but  most  of  it  is  dark  carbona- 
ceous slate.  Boulders  of  conglomerate  apparently  belonging  to 
this  formation  but  not  seen  in  place  are  Ko.  449.  Pebbles  of 
quartzose  and  feldspathic  rocks  an  inch  and  a  half  long  are 
found  in  this  conglomerate. 

A  diamond  drill  has  been  operated  on  the  north  side  of  the 
creek  in  N.  W.  i  of  sec.  28,  65-4.  There  has  also  been  made  a 
cross  cut  here  up  on  to  the  hill.  The  beds  of  Animike  slate 
and  olivinitic  magnetite  have  here  a  much  higher  dip  than  usual, 
— S.  60®  —  S.  75°.  There  is  considerable  good  magnetite  here, 
but  the  beds  are  not  thick  enough  to  pay  for  working,  450.  The 
tilted  condition  of  the  Animike  seems  to  be  accounted  for  by  the 
rock  which  lies  under  it  and  which  rises  about  100  feet  above  it 
in  the  ridge  north.  This  rock  is  a  kind  of  greenstone  (Kee- 
watin),  in  some  places  looking  a  little  like  fine  decomposing 
gabbro,  containing  considerable  biotite  at  this  locality.  It  con- 
tains labradorite  and  olivine  and  very  little  magnetite.  The 
Animike  is  plainly  seen  to  lie  upon  this  rock  which  has  slightly 
metamorphosed  the  nearest  or  bottom  bed  of  quartzyte  and  iron 
ore.  The  lower  beds  of  the  iron  bearing  formation  here  are 
often  exceedingly  pyritous.  Nos.  451  and  452  are  from  here. 
The  latter  number  is  applied  to  drill  cores  from  here.  These 
show  the  gradations  and  changes  of  the  Animike  beds  as  they 
become  crystalline  toward  the  bottom  and  pass  through  meta- 
morphosed strata  into  the  greenstone.  The  manner  in  which 
the  drill  penetrated  the  beds  of  Animike  is  shown  by  the  follow- 
ing diagram. 
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f^a-S.    Animikt  bf-li  oa  grtrmhiiu.    West  of  (iunaial  Imke.    Eut  of  Chub  iikt. 

This  {trt-eiistoue-galtbro  ridge  runs  west  of  liere  for  aewil 
milcH,  ami  tlio  Aiiiiuike  is  foniid  to  lie  on  it  in  several  otto 
localities  nnich  the  same  as  it  does  here. 

Auutlier  drilling  was  made  aboat  \  mile  soutli  of  the  camp  ■■ 
sec.  28,  65-1.  Samples  from  here  are  453.  These  drill  COM 
show  tlic  streaks  and  bands  of  hornblende  crystals  whidi  n 
found  in  the  lower  bed-s  of  the  Animike  qnartzyte;  aU 
pyritiferous  strata.  Some  of  them  contain  biotite  also  and  in 
partially  metamorphosed  into  the  underlying  greenstone.  Thii 
driUiny  according  to  Mr.  John  M.  JliUar  of  Grand  Maniis,  oi 
of  tlie  owners  of  tlie  land,  went  through  the  ore  in  which  it 
started,  and  about  12  feet  into  the  "north  quartzyte;"  by  ThiA 
he  must  mean  the  nndorlying  greenstone. 

The  same  parties  who  did  the  work  meutioneil  above  il* 
drilled  in  the  X.  E.  1  sec.  29,  65-4  a  short  distance  west  of  to 
fii-st  drillings.  Ac-cording  to  Jlr.  Klillar  the  record  for  this  wort- 
iiig,  which  iM  nejir  (.'linb  lake,*  is  as  follows: '  Quartzyte  .'J6  feA 
cUsiii  ore  15  feet,  mixed  ore  17  I'et^t,  clean  ore  10  feet,  greeustoBe 
12  feet.  Mr.  Millar eall.s  the  last  '■  tlie  north  tiuartzyte,"  butlie 
evidently  innst  refer  to  the  greenstone  on  which  the  orean^ 
qnart/.yte  beds  lie.  j 

From  this  i-ecord  it  seems  tliat  there  is  a  large  quantityi'  ! 
magnetite  at  this  place  which  will  probably  i>rove  to  be  valuatt^ 
TIr-  parties  who  own  this  property  are  waiting  only  for  the  ai- 
vent  of  a  lailroatl  tu  commence  extensive  mining  operatioia 
This  is  the  lirst  tleposit  in  the  Animike  in  Minnesota  known  to 

'  Mr.  NtlLIarMslp.-ilballlji'iiBiiir  ".Vk'.'ify  "  tu  ipiiUcd  tn  this  lal:«  icvenl  ye*nb«f«t>' 
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be  of  snffident  extent  and  richness  to  repay  investment  and 
development. 

The  usual  route  to  Ogishke  Muncie  was  not  followed  here,  but 
the  more  circuitous  one  through  the  lakes  southwest  of  Chub 
lake  was  taken.  I  can  not  refrain  from  stating  here  by  way  of 
parenthesis  that  the  township  plat  of  65-4  is  the  most  unreliable 
of  any  it  has  ever  been  my  misfortune  to  be  misled  by.  The 
lakes  in  the  southwest  part  of  the  township  are  delineated  by 
guess-work  and  very  poor  at  that. 

In  the  iN".  W.  1  sec  35,  65-5  is  a  knoll  of  Animike  quartzyte. 
It  has  an  elevation  of  about  50  feet  on  the  south  side  of  the 
stream.  It  dips  south  about  75°  and  strikes  east  and  west.  It 
contains  thin  beds  of  good  magnetite,  454.  Across  the  valley 
which  lies  on  the  south  side  of  it,  is  found  gabbro. 

About  a  quarter  of  a  mile  west  of  the  last  is  a  portage  of  100 
paces  around  a  rapid  in  the  small  stream.  It  is  here  seen  that  the 
knoll  spoken  of  above  is  a  part  of  a  ridge  of  Animike  that  is 
found  all  along  the  south  side  of  this  marshy  stream.  On  the 
south  side  of  this  portage  trail,  X.  TV.  ]  sec.  35,  65-5,  is  a  pre- 
cipitous bluff  about  40  feet  high,  facing  north.  The  lower  half 
or  perhaps  one-third  of  this  bluff  consists  of  greenstone  similar 
to  that  north  of  Chub  lake,  but  containing  less  biotite.  The 
upper  half  or  two-thirds  is  Animike  quartzyte  and  iron  ore 
tilted  up  so  as  to  dip  S.  70°  or  more  and  striking  about  east  and 
west.  There  is  an  abrupt  line  of  contact  here  shown  to  exist 
between  the  quartzyte  and  the  Keewatin  (?)  greenstone  and  the 
impression  made  upon  an  observer  of  the  situation  is  that  the 
greenstone  is  the  cause  of  high  dip  of  the  quartzyte  and  iron 
ore  beds. 

This  is  a  very  fine  contact.  The  stratified  quartzyte  is  seen 
for  several  feet  lying  directly  upon  the  massive  greenstone.  At 
this  place  then  the  Animike  is  but  very  slightly  modified  by  the 
"igneous  rock  beneath  it,  and  on  that  account  it  seems  as  though 
the  strata  must  have  l>een  deposited  in  a  horizontal  position  on 
the  greenstone  and  that  both  were  folded  and  tilted  at  a  later 
period.  But  at  other  places  east  of  here  a  few  miles  the  Ani- 
mike is  greatly  metamorphosed  so  that  the  line  of  contact  is  not 
discernible,  and  the  greenstone  might  be  supposed  to  be  all 
modified  Animike.  The  greenstone  near  the  contact  is  a  little 
finer-grained  and  less  massive  than  it  is  two  feet  below;  l)ut  no 
other  change  is  apparent.  Specimens  of  the  Animike  from  the 
contact  are  455.     The  contact  was  seen  again  150  paces  west  of 
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this  place;  but  it  is  not  so  plainly  visible  Samples  of  the  Ani- 
mike  from  the  weetern  contact  are  455  A.  SpecimeDS  of  the 
greenstone  from  the  eastern  place  are  Nos.  456  to  456  C,  taken  io 
order  I'vctiding  from  the  line  of  contacL  Greenstone  from  the 
western  contact  is  No.  456  D. 


f1:i.i.    AnlmlHIglnfOtfrtrmlOHi.Toitmbipa-i. 

At  the  npper  end  of  the  portage  are  some  large  maasee  of 
greenstone,  not  in  place,  which  are  conglomeritic.  Bounded 
pebbles  and  bonlders  of  light  and  dark  colored  rock — Bome(^ 
them  six  inches  in  diameter — occur  in  it.  This  rock  seemedto 
be  very  much  like  the  conglomerate  of  Ogishke  Muncie  lake, 
467. 

On  the  north  side  of  the  creek  from  the  blnff  where  the  ooo- 
tact  is  seen  there  is  a  higher  ridge  than  ontho  south  side.  Tbe 
rock  composing  it  does  not  appear  to  be  so  tough  and  bade  tt 
most  of  the  rock  which  is  subjacent  to  the  Animike  quart^ytei" 
this  region,  4f>8.  It  is  a  fine,  greenish-brown,  crystalline  rock 
coutHlniug  feldspar,  mica,  olivine  [?)  and  a  little  magnetite. 

Iron  ore  is  marked  on  the  plat  as  existing  in  largequantitieeoB 
the  line  between  sections  12  and  13,  64-6.  This  locality  was  Ti»- 
ited  and  the  rock  was  found  to  be  magnetitio  gabbro.  No  good 
magnetite  was  seen.  Some  of  the  gabbro  from  this  place  is  veij 
coarse  and  contains  coaree  hornblende,  45H  A. 

Gabbro  is  the  only  rock  found  along  the  shore  of  Gabemicbi* 
gama  lake  for  sonic  distance  from  the  X.  E.  comer  sec.  6,  64-5, 
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469.  It  ia  quite  fiae  grained  and  somewhat  decayed.  Od  the 
bodUi  side  of  the  island  in  X.  W.  i  sec.  6,  64-5,  however,  was 
fonnd  a  bluff  of  I'ock  rising  20  feet  out  of  the  lake,  which  may 
be  modified  Animike.  It  has  gabbro  on  top  and  to  the  north  of 
it.  It  is  apparently  not  connected  with  the  trap  dyke  which 
OTOSsee  the  point  southwest  of  the  island  on  the  main  shore. 

Iron  ore  being  reported  in  the  8.  E.  \  sec.  1,  64-6,  this  place 
was  visited.  TSo  extensive  deposits  of  high  grade  or  even 
mediam  grade  ore  were  found.  The  rock  is  gahbro  which  is 
ferruginoas  in  spots,  461.  A  rock  was  found  here,  lying  under 
the  gabbro,  whieh  may  be  Pewabic  quartzyte.  It  is  gray  and 
fine-granular  and  when  decomposed  resembles  a  sandstone.  So 
little  of  it  crops  out  of  the  hill  here,  and  it  is  so  covered  by 
debris  from  above  that  but  little  could  be  learned  concerning  its 
relation  to  the  gabbro,  462. 

OTTEB  TRACK  LAKE. 

Red  jasper  and  vertical  magnetiticschistshaving  been  reported 
from  this  lake  a  visit  was  made  to  it.  The  lake  Is  surrounded 
by  high  hills  of  ailiceo-felaitic  rock  standing  in  vertical  beds 
which  strike  on  the  average  If.  65°  to  X.  70°  E.  on  the  south  side 
of  the  lake.  The  strike,  however,  is  not  constant  in  all  parts  of 
the  region  bordering  on  the  lake.  In  some  places  near  the  west 
end  of  the  lake  the  evidences  of  aqueous  deposition  are  unmis- 
takable and  exist  in  the  shape  of  parti-colorcd  bands  running 
through  the  flinty  rock.  These  bauds  do  not  always  coincide 
with  the  schistoBity  which  is  a  more  general  structure  and  sub- 
ject to  fewer  deviations  from  the  u»iia1  direction. 

In  the  K.  W.  1  sec.  33,  6«-(>  the  hills  are  very  high,  being  290 
feet  above  the  lake  by  aneroid.  Near  tlie  lake  the  rock  is  fcld- 
spathic  and  graywackenitic.  Farther  south  it  becomes  almost 
aphanitic  and  is  Hiuty.  One  sample  which  shows  it  conglomer- 
itic  aspect  of  this  ro(;k  is  463.  A  sample  which  is  very  luuch 
like  the  magma  of  th^  Ogishke  confiloinerate  is  463  A.  Other 
specimens  showing  the  graduation  into  Hint  are  Xos.  464,  4(>4  A 
and  464  B. 

In  the  bottom  of  tlio  vulley  in  X.  \\'.  1,  X.  W.  1  sec.  33,  66-6 
some  of  the  rock  is  m:)gn<-titic.  It  stantls  like  the  rest  of  the 
rock  and  the  ferrugiuons  stnita  an?  very  limited  in  extent.  466. 
Up  on  the  hill  ea.<it  of  tlit  la.'^t  aiv  se»-n  n  t-ouple  of  short  twisted 
jaspilyte  beds  inclosed  in  the  rook.     They  are  not  over  a  foot  or 
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eighteen  inches  wide  and  but  a  few  feet  long.  They  stand  verti- 
cal. The  iron  ore  in  them  is  magnetite.  No.  466.  The  contact 
between  the  jaspilyte  and  Keewatin  is  abrupt.  466  A. 

On  the  north  side  of  Otter  Tnick  lake  in  what  would  be  the 
N.  W.  )  sec.  27,  GG-6  if  the  U.  S.  survey  lines  were  extended 
across  into  Canada,  is  a  perpendicular  bluff  of  rock  120  feet  high 
and  rising  still  much  higher  a  short  distance  back  from  the  lake. 
This  bluff  consists*  of  sericitic  or  chloritic  schiste  in  vertical  beds 
—  as  far  ns  any  bedding  wjis  observed — and  striking  X.  To*'  B. 
At  the  top  this  rock  is  seen  to  be  a  coarse  green  agglomerat'C 
like  that  in  the  Keewatin  at  Long  lake,  made  up  of  coarse  boul- 
ders of  the  same  material  as  the  formation  in  general.  It  is  also 
calciferous,  and  the  bouldera  are  amygdaloidal,  particularly 
around  their  periphery.  In  fact  the  rock  is  macroscopically 
identicjilly  the  same  in  every  respect  as  that  around  Ely.  Sam- 
ples of  the  bouldei*s  which  contain  amygdules  are  467.  Speci- 
mens from  boulders  which  were  not  amygdaloidal  are  467  A. 
The  rock  between  and  around  the  boulders  is  calciferous  and 
sometimes  quartzose,  and  is  very  frequently  a  breccia,  468.  This 
rock  appears  very  mueh  like  the  regular  Keewatin  schists  which 
grade  into  it  in  this  region  and  which  grade  in  the  other  direc- 
tion into  the  fine  vertically  bedded  siliceous  rock  of  Knife  lake, 
and  the  same  rock  on  the  north  side  of  this  lake  both  of  which 
show  in(lisi)utable  sedimentary  banding.  It  is  impossible  to 
separate  or  distinguish  a  line  of  separation  between  these  rocks. 
They  grade  conformably  into  eiu*.h  other. 

Just  east  of  the  perpendicular  bluff  mentioned  above,  the 
bluffs  are  lower.  The  next  one  east  is  a  cliff  of  magnetitic  jas- 
pilytt*.  Th(»  beds  of  ore  and  jasper  are  very  much  crumpled  and 
distort(Ml;  Init  in  spite  of  the  folding  and  doubling  the  strata  are 
always  nearly  verticiil.  Thejiusper  is  colored  various  shades  of 
red  to  nearly  or  (£uite  black,  an<l  the  iron  ore  does  not  amount  to 
much.  There  is,  however,  a  large  body  of  these  iron  schists 
inclosed  in  the  green  schists  here,  the  jaspilyte  continuing  for 
100  paces  along  the  shore  and  40  paces  back  from  the  brow  of 
the  clilV.  The  green  schist  runs  into  and  around  parts  of  the  jas- 
pilyte in  long  r^lbows  and'tongues.  The  contact  between  the  two 
was  seen  in  scvt;ral  places.  It  was  always  abrupt  and  vertical 
and  the  change  wa.s  not,  gradual  but  immediate  from  one  to  the 
other.  The  contact  lines  are  in  all  directions  of  the  compass. 
The  jiusper  soon^  becomeij  narrower  and  stops  suddenly  at  both 
ends  in  the  line  of  strike.l^'It^is^a  little  x)eculiar  that  such  a 
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crnmpled  mass  of  jasper  and  magnetite  should  occur  in  tbe  green 
schista  here  and  have  do  continuation  iu  the  line  of  strike  nor 
any  connection  with  the  Keewatin.  Samples  of  thejaspilyte  are 
469.  The  magnetite  is  469  A.  Specimens  of  schist  and  jaspily te 
from  a  contact  are  Nos.  470  and  470  A.  The  strata  in  the  jasper 
and  iron  cliff  are  generally  less  than  halfau  inch  thick  bat  some- 
times a  stratum  of  jasper  two  iDchea  wide  is  seen.  Glaciated  sur- 
faces are  observeil  on  the  side  walls  of  these  bluf&  both  at  top  and 
bottom. 

The  following  figure  shows  how  the  jaspilyte  beds  are  crum- 
pled. 


^^wUhj/Zh-^^y 


J'lg.S.    PiMlBrlidbidtBfjaspiliilf,', 


'I  (HItr  Troxk  htt. 


There  is  a  trail  running  north  fi-om  Otter  Track  lake  about  one 
mile  and  a  half  from  the  western  end.  The  country  is  surveyed 
and  good  lines  are  cut.  The  hills  crossed  by  the  trail  are  very 
high,  some  of  them  being  the  most  elevated  laud  iu  the  entire 
region,  commanding  a  view  of  the  country  for  miles  around. 
They  are  all  heavily  timbered  and  have  some  good  white  and 
Korway  pine. 

ToL  UI— .15 
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IS  and  it  is  difficult  to  obtain  fresh  samples.  Ko  exten- 
i  ore  deposits  were  seen.  The  beds  of  jasper  and  mag- 
1  seem  to  be  quite  limited  in  extent  both  as  to  length 
kness,  and  what  there  is,  is  at  least  half  jasper  and  the 
If  but  poor  iron  ore. 

LAKE  VIRA. 

ike  is  reached  by  a  portage  of  900  paces  from  the  south- 

of  Knife  lake.  It  lies  in  sections  1,  2  and  3,  64-8  and 
mded  by  vertical  schists  and  argillytes.    A  sample  of 

from  the  N.  W.  i  of  S.  E.  i  sec.  2,  64-8  is  a  fair  illus- 
)f  most  of  the  rock  surrounding  this  lake,  476.    The 

N.  80^  E.:  dip  at  a  high  angle  to  the  north:  glaciation 
).    This  lake  does  not  differ  much  from  Knife  lake  in 
ut  it  is  40  feet  by  aneroid  above  Ensign  lake  into  which 
by  a  good -sized  stream, 
are  high  precipitous  bluffs  of  schist  and  graywacke  at 

end  of  the  lake.  We  cut  a  portage  of  1150  paces  from 
"a  to  Ensign  lake.  The  country  between  Knife  lake  and 
e  is  burnt  over,  but  that  from  Vira  lake  to  Ensign  lake 
Hi  with  green  timber. 

X.  E.  i  sec  10,  64-8  on  Ensign  lake  the  rock  is  a  soft, 
:*gillitic  schist  showing  no  bands  of  sedimentation  but 
t  wavy  schistose  structure  trending  K.  80°  E.  The  dip 
vertical  or  at  a  high  angle  to  the  north.    Glaciation  is 


DISAPPOINTMENT  LAKE. 

ake  is  reached  by  a  portage  of  1150  paces  from  Snow- 
:e.  There  are  two  other  ways  to  reach  it  by  good  port- 
s.  The  physical  aspect  of  the  country  around  this  lake 
different  from  that  around  Snowbank  lake.  It  is  in  a 
gion  where  the  bare  and  dead  tree  trunks  are  still  stand- 
lis  lake  is  75  feet  by  aneroid  above  Snowbank. 
;  450  paces  from  Snowbank  lake  a  ridge  of  mica  schist 
d  by  the  trail.  The  mica  is  in  small  glistening  scales. 
ke  of  this  schist  is  N.  45°  E.  A  sample  from  S.  W.  J, 
sec  32,  64-8  is  477. 

lica  schist  is  cut  and  penetrated  by  intrusions  or  veins 
grained,  red  granite.    This  appears  in  the  next  ridge 
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east  of  last,  478.    Large  masses  of  conglomeritie  mica  schist  ap- 
pear here  on  the  surface  but  do  not  seem  to  be  in  place.  Tbu 
rock  however  is  fonnd  in  situ  at  the  east  end  of  the  portage  in  S. 
E.  i  sec  32,  64-^.    The  schist  is  hornbleudic  and  appears  to  be 
hardened.     It  is  full  of  boulders  of  various  kinds  of  crystaUine 
rooks  in  masses  of  all  sizes  up  to  a  foot  in  diameter.    There  is  • 
great  deal  of  this  rock  here.     No.  480.     A  sample  of  mica  schist 
from  here  which  is  not  from  conglomeritie  beds  and  is  more  schis- 
tose than  that  which  is,  is  479.    The  conglomeritie  mica  schist)  is 
also  penetrated  by  the  red  granite  intrusions.   480  A.    Theseus 
of  all  thicknesses  up  to  20  feet  and  run  in  all  directions. 

There  is  a  dyke  of  trap  rock  on  the  north  side  of  the  poitsp 
at  this  lake.  It  is  about  10  feet  wide,  and  runs  X.  30°  W.,48L 
The  strike  of  the  schists  here  is  not  that  of  the  formations  gen- 
erally in  this  I'cgion.  It  varies  from  K.  E.  and  S.  W.  to  X.  and 
S.     In  the  X.  AV.  J  sec.  5,  63-8,  the  strike  is  N.  16°  E. 

The  schist  is  decidedly  conglomeritie  in  the  X.  K  1  sec.  5^ 
63-8.  Mast  of  the  boulders  are  lenticular,  but  many  of  then 
are  nearly  round.  The  general  strike,  where  there  is  any  strike 
apparent,  is  X.  30°  E.  One  sample  of  finely  conglomeritiemies 
schist  is  489. 

In  the  S.  1  X.  W.  i  sec.  4,  63-8  the  mica  schist  seems  to 
undergo  a  decided  change,  going  east  along  the  lake  shore.  It 
becomes  less  schistose,  contains  less  mica  and  occurs  in  hills  and 
knolls  of  uneven  bight  which  do  not  display  any  strike  or  evi- 
dence of  sedimentation  or  schistosity.  In  the  S.  E.  i,  X.  E.I 
sec.  4,  63-8  the  rock  does  not  seem  to  contain  any  mica,  but  iss 
fine  grained,  grayish-brown  rock  like  what  has  been  termed  Id 
some  former  reports  of  this  survey  '*  muscovado. ''  It  lies  in 
round- toi)ped  knolls  which  have  the  shape  and  appearance,  at 
a  little  distance,  of  gabbro  hills.  Some  of  it  is  peculiarly  miot' 
tied. 

Goinjr  south  from  Disappointment  lake  into  the  X.  E.  1  of  8. 
AV.  1  see.  4,  6.S-8  a  ridge  of  magnetite  and  quartzyte  is  crossei 
It  is  about  ten  rods  wide:  the  strata  stand  nearly  vertical  an* 
strike,  as  nearly  tus  could  be  estimated,  for  the  needle  is  reversed. 
X.70-  E.  This  rock  is  supposed  to  beAnimike.  It  is  oliviniticani 
linegniinedandtlicironort'isbrilliantandgranularandveiyinaC' 
neti<;  like  tin-  othrr  ore  from  the  same  horizon.  The  only  reason 
for  doubting  that  it  is  Animike  is  that  it  stands  on  edge  andbas 
th<*  •* muscovado"  or  altered  mica  schist  on  the  noi-th  of  it. 

Mr.  H.  W.  ( -ln^adle  owns  a  claim  here.    He  has  done  somestrip* 
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g  which  gives  a  good  section  of  the  rocks  ap  the  slope  of  the 
I*  Fine-grained  gabbro  is  seen  Isring  on  the  np-tnrned  edges 
lie  iron  ore  beds*  This  forms  a  small  ridge.  The  next  ridge 
lie  south  is  composed  of  coarse  gabbro  containing  a  large  per 
Lt  of  titaniferons  (  f  )  magnetite.  South  of  here  are  high  ridges 
this  same  gabbro.  Nos.  490,  490  A  and  490  B  show  the  tran- 
ion  from  mica  schist  to  muscovado;  491  is  the  Animike  iron  ore 
1  quartzyte.  This  rock  is  much  decayed  and  broken.  It  has 
BTered  the  effects  of  frost  and  forest  fires  as  well  as  of  upturn- 
{,  gabbro  overflow  and  glaciation.  Fine-grained  gabbro  from 
top  of  the  ore  beds  is  492.  Coarse  gabbro  is  493.  There  is 
ite  a  deposit  of  good  magnetite  here  which  may  prove  to  be 
laable. 

Ihe  muscovado  schist  or  rather  the  mica  schist  has  somewhat 
e  aspect  of  an  altered  igneous  rock.  It  is  not  regularly 
listose  nor  very  micaceous  but  is  full  of  holes  and  furrows,  etc. 
le  muscovado  again  grades  into  mica  schist  which  is  so  feld- 
ftthic  as  to  be  almost  gneiss,  east  of  here.  It  is  also  generally 
Qglomeritic;  in  some  places  almost  entirely  composed  of  small 
bbles  and  boulders,  in  others  not  any  being  seen.  Specimens 
this  rock  from  the  N.  E.  i  sec.  4,  63-8,  are  numbered  494. 
rhe  mica  schist  in  the  S.  W.  i  sec.  34,  64-8  approaches  gneiss 
texture  and  composition.  It  is  hardly  at  all  schistose  and  in 
ices  is  almost  massive  but  has  the  cleavage  and  color  of  mica 
list  It  contains  fine  hornblende  crystals.  Some  of  it  is  firm 
d  brittle  and  may  be  called  fine  syenite,  495. 
[n  the  S.  W.  i  sec.  34,  64-8  the  mica  schist  becomes  much 
>re  regular  and  loses  its  conglomeritic  aspect.  It  is  hard  and 
e-grained.  No  definite  and  permanent  strike  or  dip  is  dis- 
mible. 

!fear  the  west  quarter  post  of  sec.  34,  64-8  the  mica  schist  has 
dad  of  structure  which  runs  N.  10°  W.  It  also  becomes  con- 
)meritic,  containing  flattened  boulders  of  granite  and  other 
rieties  of  crystalline  rock  eight  inches  long.  The  longer  axes 
these  boulders  point  X.  10°  W.  This  is  regular  mica  schist 
tiglomerate  not  like  the  many  boulders  and  fragments  of  dia- 
tic  and  porphyritic  agglomerate  which  abound  in  this  place, 
rhere  is  a  great  exposure  of  conglomeritic  mica  schist  in  the 
E.  }  sec  33,  64-8.  It  all  has  a  general  strike  N.  10°  W.,  and 
imsto  be  regular  mica  schist,  496. 

[n  the  N.  W.  *  sec.  34  and  the  S.  W.  i  sec.  27,  64-8  there  is  a 
«t  wonderful  exhibition  of  conglomerate  and  diabase.     Groing 
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east  from  the  point  in  the  N.  E.  \  sec  33  the  conglomeritic  mici 
schist  becomes  coarser  and  more  fall  of  boulders.  These  ooosist 
of  various  kinds  of  light-colored  crystalline  and  dark  homblendie 
rocks;  and  are  many  of  them  a  foot  long.  The  mica  schist  grad- 
ually becomes  harder  and  less  siliceous  until  it  is  diabasic.  East 
of  the  lake  there  are  high  ridges  rising  75  to  150  feet  above  ilv 
water.  These  become  more  and  more  diabasic  until  they  cul- 
minate in  a  high  ridge  of  nearly  massive  diabase  about  a  quarter 
of  a  mile  from  the  lake.  There  is  a  coarse  schistosity  seen  in 
this  ridge  in  places.  The  strike  of  the  rocks  as  shown  by  the 
schistosity,  the  direction  of  the  longer  axes  of  the  boulders  and 
the  foliation  of  the  mica  schist  are  all  about  northtceM.  These 
ridges  oiler  one  of  the  finest  exposures  of  conglomerate  and 
agglomenite  seen  in  this  entire  region.  The  rock  in  places  ii 
just  as  full  of  boulders  as  it  can  be.  These  become  smaller  and 
more  compressed  toward  the  east,  and  disappear  altogether  in 
the  vicinity  of  the  diabase  ridge.  Some  of  the  diabasic  schist  is 
porphyritic.  Samples  of  the  conglomerate  are  497.  Diabade 
schist  is  498.  Diabase  is  499.  Gneissic  schist  from  the  edge  of 
the  lake  showing  foliation  which  was  northwest  is  500.  Biotite 
schist  from  a  well-defined  dyke  about  a  foot  wide  which  cuts  the 
diabasic  agglomerate,  running  about  east  and  west,  is  501. 

It  is  quite  remarkable  that  there  is  here  a  gradual  transition 
from  mica  schist  to  diabase.  There  is  no  place  where  there  is 
an  abrupt  change.  The  mica  schist  is  conglomeritic  anil  the 
diabase  is  agglomeritic.  They  are  both  schistose  and  have  the 
same  trend  and  seem  to  be  vertical,  as  far  as  bedding  is  indicated 
by  foliation  and  schistosity.  It  is  a  very  thick  conglomerate  too: 
fully  two  miles  across  the  strike.  Xo  attempt  will  be  made  to 
account  for  this  transition  here  nor  to  prove  whether  there  are 
two  conglomerates  here  or  not. 

In  the  X.  E.  J,  S.  W.  \  sec.  27,  64-8  the  rock  is  very  fine  and 
even-drained,  and  so  siliceoiLS  as  to  be  flinty,  502.  Glaciationis 
N.  34°  E.     Xo  regular  bedding  or  schistosity  is  seen  here. 

In  the  north  end  of  the  bay  in  the  S.  W.  i,  X.  W.  J  sec.27| 
64-S  the  siliceous  rock  becomes  porphyritic  with  small  imperfect 
white  and  yellow  feldspar  crystals.  It  is  indistinctly  conglomer 
itic  in  places  and  is  coaraely  schistose,  503.  Large  masses  of 
hydro-mica  schist  are  seen  here  and  indicate  beds  of  this  rock 
in  the  vicinity. 

West  of  here  the  rock  becomes  a  porphyritic  conglomerate 
and  in  places  over  quite  a  wide  extent  is  micaceous  porphyritic 
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conglomerate.  Many  of  the  included  boulders  are  more  por- 
phyritic  than  the  magma.  The  strike  is  N.  10°  W.  All  of  this 
rock  is  more  or  less  hornblendic.  Around  the  lake  shores  the 
rock  is  peculiarly  pitted  and  full  of  holes  where  some  of  the 
softer  boulders  have  been  washed  out.  !No  pieces  of  red  jasper 
were  noticed  in  this  conglomerate,  such  as  are  seen  in  the 
Ogishke  Muncie  conglomerate.  Wherever  the  rock  is  decidedly 
micaceous  it  is  intersected  and  penetrated  by  red  granite  or 
syenite  intrusions.  This  is  especially  the  case  on  the  large  island 
in  the  S.  E.  \  sec.  32,  64--8. 

BOUND  LAKE. 

This  body  of  water  lies  west  and  southwest  from  Disappoint- 
ment lake,  the  waters  from  which  flow  through  Bound  lake  before 
reaching  Snowbank  lake.  It  is  30  feet  lower  than  Disappoint- 
ment lake,  and  is  reached  from  it  by  a  portage  of  540  paces. 
Mica  schist  is  seen  on  the  trail.  It  is  more  feldspathic  and  com- 
pact or  gneissic  than  that  farther  northeast.  In  the  N.  E.  \  sec. 
6,  63-8  the  mica  schist  changes  to  gneiss  or  syenite  gneiss.  There 
is  but  a  small  quantity  of  this  rock  here,  however,  most  of  it 
being  a  mixture  of  mica  and  hornblende  gneiss  and  mica  schist. 
The  beds  have  been  considerably  crumpled  so  that  no  general 
strike  is  observable.  A  sample  of  mica  schist  from  the  S.  E.  \  of 
N.  E.  i  sec.  6,  63-8  is  numbered  482.  Syenite  gneiss  from  the  N. 
W.  i,  K  E.  \  sec.  6,  63-8  is  483. 

The  west  side  of  Bound  lake  has  syenite  around  the  shores. 
This  becomes  dark  and  siliceous  and  changed  into  a  peculiar 
rock  that  seems  to  have  been  affected  by  the  proximity  of  some 
igneous  rock  or  other  metamorphosing  agent.    484. 

In  the  N.  W.  J,  X.  E.  1  sec.  7,  63-8  the  syenite  lies  under  a  hill 
of  gabbro  which  has  a  bold  face  on  the  north  side  nearly  or  quite 
100  feet  high.  This  syenite  is  sometimes  micaceous  enough  to 
be  called  hornblendic  gneiss.  It  has  been  somewhat  broken  up 
here  and  the  contact  between  it  and  the  gabbro  is  not  visible. 
The  latter  rock  is  somewhat  finer  near  the  contact  with  the  syen- 
ite than  at  the  top  of  the  hill.  Syenite  is  represented  by  485: 
the  gabbro  by  486. 

In  the  S.  E.  i  sec.  6,  63-8  the  rock  is  mica  schist  hardened  by 
the  vicinity  or  contact  of  the  gabbro.  The  gabbro  ridge  runs 
sonth  of  the  lake  and  really  does  not  appear  at  any  point  on  the 
lake  shore.    Samples  of  mica  schist  from  the  above-mentioned 


120  SEVENTEENTH  ANNUAL  SEPOBT 

locality  are  487.    Some  of  it  is  flinty  and  has  very  little  if  any 
mica  in  it. 

To  the  northeast  of  the  last  is  a  knoll  of  fine  red  qnartzyte  or 
syenite.  It  is  probably  part  of  a  large  intrasion  in  the  mica 
schist.  488. 

The  mica  schist  in  the  southeast  part  of  section  six  is  much 
twisted  and  varies  greatly  in  its  strike  and  in  the  comx>06ition 
and  texture  of  its  strata.  Some  are  hard  and  siliceous  and  oth- 
ers ai*e  soft  and  iron-stained.  It  is  cut  by  numerous  veins  or 
intrusions  of  granite  and  is  slightly  conglomeritic  in  places. 

TOWNSHIP  63-9. 

On  the  portage  trail  from  Snowbank  lake  to  the  Kawishiwi 
river  gneiss  and  mica  schist  are  seen  in  a  few  outcrops  within 
three-quarters  of  a  mile  from  Snowbank.  About  a  mile  from  the 
lake  the  trail  passes  within  ten  feet  of  a  bluff  of  gabbro  which  A/oes 
east.  This  is  in  the  S.  W.  1  of  S.  W.  i  sec  11,  63-9.  The  rock 
is  the  regular  coarse  labradorite  gabbro.  About  200  paces  south 
of  this  gabbro,  on  the  section  line  between  ten  and  eleven  is  found 
a  ridge  of  biotite,  olivine  schist.  This  has  the  usual  strike, 
N.  60^  E.  and  dips  S.  75^.  It  is  conglomeritic  in  many  places 
and  bears  a  striking  resemblance  to  the  conglomeritic  mica  schist 
found  at  the  southeast  corner  of  Disappointment  lake.  504. 

A  ridge  of  gabbro  is  again  crossed  450  paces  south  of  the  X. 
\y.  corner  sec.  14,  63-9.  This  is  a  high  ridge  with  a  steep  bluff 
of  the  coarse  light-colored  gabbro  on  the  north  side.  Three 
hundreil  paces  farther  south  the  rock  is  all  ''  muscovado  "  in  s 
great  ridge.  No  structure  or  bedding  of  any  kind  is  visible  in 
it.  It  is  simply  in  large  hills  and  ridges,  and  is  fine-grained  and 
homogeneous  in  texture. 

A  short  distance  north  of  the  "quarter  post"  between  sec- 
tions 14  and  15  this  ridge  of  muscovado  is  bounded  on  the  soath 
by  a  swamp.  Along  the  south  side  of  the  ridge,  next  to  tb^ 
swamp,  is  a  considerable  deposit  of  magnetite.  It  is  the  re^' 
lar  coarse,  dulMustred,  gabbro  magnetite.  The  rock  can  not  ^ 
distinguished  from  the  gabbro  nor  from  the  muscovado  either* 
Number  505  is  the  muscovado.     505  A  is  the  magnetite. 

TThe  Kawishiwi  is  about  12  feet  above  Snowbank  lake  where 
the  portage  from  the  lake  strikes  it.  The  trail  passes  across  and 
by  the  side  of  gabbro  ridges  for  half  a  mile  before  reaching  the 
river. 
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roing  north  on  the  west  line  of  sec.  16  the  gabbro  disappears 
lort  distance  north  of  the  river.  The  rock  next  north  of  the 
'bro  is  the  mnscovado-like  mica  schist  with  the  usnal  strike 
L  vertical  dip.  It  is  conglomeritic  a  short  distance  farther 
th  and  is  hornblendic  like  that  on  Disappointment  lake.  It 
»  its  similarity  to  muscovado  and  becomes  regular  mica 
isty  though  more  or  less  gneissic  and  conglomeritic,  about  the 
St  '^quarter-post"  of  sec  16.  Sample  is  506. 
U  340  x>aoe8  north  of  the  '^ quarter-post"  mentioned  above, a 
unp  intervening,  a  ridge  of  diabase  is  encountered.  This 
IS  along  the  north  side  of  the  swamp  in  a  K.  E.-S.  W.  course. 
is  probably  part  of  th^  same  diabase  eruption  as  that  east  of 
appointment  lake,  507.  Many  fragments  of  porphyritic  con- 
imerate  are  seen  lying  about  on  the  surface  at  this  place, 
rhis  ridge  keeps  on  rising  with  a  gentle  slope  until  its  summit 
reached  at  the  N.  W.  corner  of  section  16.  From  here  the 
ioent  is  gradual  toward  the  north,  but  not  so  gradual  as  on  the 
Lth  side.  The  diabase  is  massive  for  some  distance  from 
i  place  where  it  was  first  seen.  Then  it  begins  to  show  a 
ffse  Bchistosity  and  has  a  coarse  agglomeritic  appearance  as  in 
)  rock  at  Ely,  the  boulders  being  all  of  greenstone  and  indis- 
ctly  outlined  on  the  surface.  The  rock  is  strikingly  similar 
the  Ely  rock  as  far  as  the  agglomeritic  appearance  goes;  but 
not  soft  and  chloritic  like  that,  nor  does  it  appear  to  be  cal- 
erouB.  It  is  simply  regular  diabase,  508. 
it  375  paces  north  of  the  southwest  corner  of  section  nine  the 
Anse  has  changed  from  a  massive  rock  to  a  fine,  schistose, 
Anse  agglomerate.  The  direction  of  the  very  evident  schis- 
ity  as  well  as  of  the  lenticular  pebbles  of  greenstone  in  it,  is 
16^  S.  This  is  on  the  northern  slope  of  the  great  diabase 
ge,  and  the  rock  has  been  examined  at  many  places  so  there 
10  doubt  as  to  its  being  part  of  the  same  diabase.  The  coarse 
jlomerate  has  become  a  fine  schistose  pudding-stone  and  is 
ddly  changing  into  green  chloritic  schist  toward  the  north. 
apleB  of  diabase  conglomerate  are  No.  509. 
Ilia  fine  greenstone  agglomerate  continues  to  be  exposed  for 
le  diBtanoe  toward  the  north.  The  direction  of  the  schistosity 
DgB  around  to  N.  W.  and  S.  E.  which  is  the  general  direc- 
I  of  it  in  sections  8  and  9. 

Qme  distance  south  of  the  east  '' quarter  post"  of  sec.  8  a 
jgt  of  porphyritic  rock  which  contains  grains  of  vitreous 
cfci  !■  enoountered.    It  is  a  light  colored  rock  and  when  first 
YoL  m^  16. 
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seen  it  appeai-s  perfectly  massive.  It  has  an  abrupt  contact 
with  the  diabase  which  is  also  more  massive  at  this  place.  The 
porphyry  appears  to  run  in  N.  W.-S.  E.  ridges.  North  of  here 
it  is  seen  to  be  mixed  up  iu  every  way  possible  with  the  diabase 
and  finally,  in  the  X.  E.  1,  X.  W.  1  see,  8,  becomes  the  prevail- 
ing country  rock. 

Toward  the  north  still  farther  this  porphyry  becomes  coarsely 
schistose  and  acijuires  more  of  the  green  uncrystalline  elements. 
It  also  losers  its  decidedly  porphyritic  aspect  as  the  distance  from 
the  diabase  ridge  increases.  It  is  slightly  conglomeritic;  in  one 
place  red  jasper  was  seen  in  it  and  in  another  a  pebble  of  green- 
stone. Xos.  510,  510  A  and  510  B  show  these  various  conditions 
of  the  porphyritic  rock. 

The  diabase  continui^s  to  abound  and  ridges  of  porphyry,  or 
porphyrel  and  greenstone  are  strangely  mixed  up  together.  In 
the  X.  E.  I  sec.  8  are  seen  large  ridges  of  Jaspilyte,  consisting  of 
red  and  black  jiisper,  hematite  and  magnetite  in  crumpled  ver- 
tical beds  running  about  X.  60°  E.  After  a  long  and  extensive 
examination  the  state  of  affairs  seemed  to  be  as  follows:  There 
is  a  large  amount  of  this  jaspilyte  here.  Some  of  these  lenticu- 
lar masses  of  jasper  and  iron  ore  were  traced  continuously  for 
half  a  mile  or  even  more.  These  masses  lie  in  the  diabase  and 
have  an  abrupt  contact  with  it.  Many  pieces  and  masses  of  jas- 
pilyte of  all  sizes  from  that  of  a  pea  to  the  large  ridges  spoken  of 
above  are  seen  to  be  enclosed  in  massive  or  only  slightly  schistose 
diabase,  not  in  any  general  line  of  strike,  but  at  intervals  sep- 
arated from  each  other  across  the  strike  by  various  distances 
less  than  a  mile. 

Sometimes  the  diabase  is  quite  coarse  and  appears  more  like 
dioryte  with  white  feldspar  crystals  on  the  surface. 

In  some  places  the  porphyry  approaches  quite  near  to  these 
jaspilyte  masses;  but  that  is  not  to  be  wondered  at,  inasmuch  as 
the  ridges  of  porphyry  run  all  through  the  diabase  without  any 
definite  order  or  direction.  This  jaspilyte  is  more  hematitic 
toward  the  north  and  west  where  it  is  identical  in  appearance 
with  that  at  Tower.  Places  were  seen  where  the  diabase  is  quite 
schistose  at  the  contact  with  the  jaspilyte  and  even  as  soft  and 
greasy  feeling  as  the  soft  schists  in  some  of  the  Tower  mines. 
The  beds  of  jaspilyte  are  nearly  as  much  distorted  as  at  Tower. 
This  diabase  is  seen  on  both  sides  of  the  iron  ore  and  cutting 
across  the  beds.  It  also  seems  to  contain  fragments  of  the  por- 
phyry and  becomes  porphyritic  itself  in  the  vicinity  of  the 
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porphyry  ridges.  Specimens  of  the  diabase,  which  is  found 
enclosing  the  large  and  small  masses  of  jaspilyte  in  the  N.  E.  i 
sec.  8,  are  511.  Contact  specimens  with  the  jasper  are  511  A. 
Samples  of  diabase  containing  small  masses  of  jaspilyte  are 
511  B.  Porphyritic  diabase  containing  a  piece  of  porphyry  is 
511  G.  Samples  of  the  soft  sericitic  or  talcose  rock  are  512. 
This  rock  being  so  soft  is  always  found  in  low  places  and  could 
not  be  seen  to  be  certainly  part  of  the  diabase.  Sometimes  the 
rock  next  to  the  jaspilyte  is  not  green  and  does  not  look  like 
diabase  but  is  gray  and  somewhat  schistose,  513.  Samples  of 
the  jaspilyte  are  seen  in  514. 

The  porphyry  becomes  more  and  more  prevalent  toward  the 
K".  E.  "forty,"  sec  8  until  there  is  no  more  diabase  nor  jaspilyte. 
There  is,  however,  a  dyke  of  green  trap  that  runs  under  Hugh 
Copeland's  cabin  in  the  N.  W.  i,  N.  E.  V  sec.  8.  It  is  about  30 
inches  wide  and  can  be  traced  for  200  paces  or  more  running 
about  north  and  south  through  the  porphyry.  It  is  not  per- 
fectly straight  but  curves  some  and  is  faulted  in  two  or  three 
places.  The  course  of  it  is  also  interrupted  at  one  place  north 
of  the  cabin  by  strings  and  branches  from  the  porphyry  mass 
which  make  it  appear  as  if  they  both  were  plastic  about  the 
same  time.  Sample  of  the  porphyry  is  515.  The  dyke  rock  is 
516. 

The  above  observations  are  considered  to  be  of  importance  as 
they  seem  to  prove  beyond  doubt  that  the  jaspilyte  beds  are 
enclosed  in  basic  rock  of  igneous  origin. 

This  region  and  these  beds  of  iron  ore  contain  some  of  the  most 
promising  deposits  seen  during  the  past  season.  There  is  good 
reason  for  believing  that  there  are  valuable  and  extensive  beds 
of  iron  ore  in  the  northern  part  of  this  township. 

The  ridges  of  diabase  and  porphyry  alternate  southeast  of 
Copeland's  cabin.  A  sample  of  rock  composed  of  a  tenacious 
green  mineral  is  517. 

In  some  places  the  diabase  is  agglouieritic  in  close  proximity 
to  the  enclosed  masses  of  jaspilyte,  the  diabase  all  around  such 
a  mass  containing  the  forms  and  outlines  of  greenstone  pebbles. 
There  is  also  conglomerate  closely  interbedded  with  this  diabase 
agglomerate  and  apparently  of  a  later  date.  It  has  for  a  magma 
the  earlier  fine  agglomerate  (f;.  These  two  sometimes  come  into 
direct  contact,  standing  side  by  side.  No.  520.  This  later 
conglomerate  contains  almost  exclusively  fragments  of  the  por- 
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phyry  and  of  the  jaspilyte.    It  is  never  very  thick  and  generally 
lies  between  the  greenstone  and  the  i>orphyry. 

There  are  occasional  tendencies  toward  a  micaceoos  natnre  in 
the  porphyry,  and  a  thin  stratum  of  schist  bedded  by  sedimen- 
tation is  seen  here  and  there,  518. 

Some  of  the  fragments  of  jaspilyte  seen  enclosed  in  the  green- 
stone are  perfectly  white  jasper  or  quartzyte  which  crumbles  into 
fine  grains  upon  hammering,  519.  This  also  is  like  the  same  fine 
granular  quartz  beds  in  the  jaspilyte  north  of  Tower. 

In  only  one  place  was  the  iron  ore  and  jasper  seen  in  contact 
with  the  porphyry.  At  this  place  a  bed  of  jasper  three  inches 
thick  has  porphyry  on  one  side  and  diabase  on  the  other.  They 
come  very  close  together  in  many  places,  but  in  all  other  cases 
observed  there  was  a  thin  wall  or  flow  of  diabase  between  them. 

A  vertical  bluff  of  greenstone  20  feet  high  was  seen  in  one 
place  with  a  thin  coating  of  the  light  colored  porphyry  plastered 
over  the  entire  face  of  the  bluff.  A  contact  specimen  from  here 
is  521. 

In  one  place  the  coarser  diabase  which  when  weathered  shows 
small  white  feldspar  crystals  on  the  surface,  was  cut  by  a  small 
trap  dyke.  The  coarser,  older  diabase  is  522.  The  dyke  rock 
is  522  A. 

Going  north  on  the  line  between  sections  nine  and  ten  the  first 
rock  is  seen  quite  near  the  river.  This  is  fine-grained  mica 
schist  which  may  contain  olivine,  523.  This  rock  is  conglomer- 
itic  in  places  and  particularly  in  a  small  ridge  not  far  north  of 
the  river.  The  small  enclosed  pebbles  are  compressed  with 
their  longer  axes  pointing  N.  W.  -  S.  E.,  523  A.  There  is  next 
a  ridge  of  diabasic  mica  schist,  523  B. 

Some  of  the  beds  of  mica  schist  are  siliceous  and  felsitic  and 
are  iron-stained,  524.  At  300  paces  north  of  the  S.  W.  comer 
sec.  10,  there  is  quite  a  ridge  of  mica  schist.  It  strikes  X.  W. 
and  dips  S.  W.  70°.  Samples  showing  lines  and  bands  of  sedi- 
mentation are  525.  At  400  paces  there  is  a  contact  between  the 
beds  of  mica,  schist  and  diabase  which  latter  has  been  more  or 
less  affected  by  the  proximity  of  the  schist  and  has  a  less  mas- 
sive appearance  than  usual.  The  mica  schist  too  has  been  some- 
what altered;  but  the  change  is  abrupt  and  distinct  between  the 
mica  schist  on  the  S.  W.  and  the  greenstone  on  the  N.  E. 

In  this  place  therefore  the  mica  schist  has  an  abrupt  contact 
with  the  greenstone  and  does  not  grade  into  it  as  it  appeared  to 
on  the  east  side  of  Disappointment  lake.    The  schist  here 
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to  have  been  affected  by  the  greenstone  eraption:  its  strike  and 
schistosity  have  been  bent  around  nearly  90°  from  the  usual 
direction.  The  mica  schist  has  been  hardened  and  rendered 
more  like  the  diabase  so  that  upon  a  casual  inspection  the  two 
might  seem  to  run  together.  Mica  schist  from  the  contact  is 
526.  The  diabase  is  527.  A  specimen  of  peculiar,  dark  mica 
schist  which  has  gray  figures  and  lumps  like  drops  of  mud  all 
over  the  surface  is  526  A. 

This  was  not  the  main  ridge  of  diabase  but  only  a  subordinate 
branch  or  large  dyke  of  it.  The  mica  schist  and  greenstone 
seem  to  have  had  quite  a  struggle  for  supremacy  in  this  region; 
first  one  prevailing  and  then  the  other.  The  general  strike  is  X. 
W.  and  the  dip  varies  from  S.  W.  45**  to  vertical.  There  is  a 
ridge  of  coarser  diabase  in  the  !N".  W.  i,  S.  W.  i  sec.  10.  It  is 
quit«  near  a  contact  with  mica  schist.     528. 

In  many  places  the  mica  schist  is  full  of  light  gray  grains  of 
soft  material  which  weather  out  and  leave  the  surface  of  the  rock 
pitted  with  small  holes.  This  schist  is  darker  and  less  mica- 
ceous than  some  of  the  rest,  but  it  always  conforms  with  the  gen- 
eral strike  and  seems  to  be  a  part  of  the  general  mica  schist 
formation.     529. 

The  mica  schist  contains  thin  beds  of  green  diabasic  rock  which 
run  with  the  other  beds  and  are  also  schistose.  These  beds  are 
decidedly  basic  and  only  a  few  inches  thick,  but  are  quite  per- 
sistent and  maintain  their  general  appearance  and  width  as  far 
as  they  can  be  followed.    530.  • 

Going  farther  north  the  mica  schist  becomes  harder  and  more 
feldspathic  and  appears  to  be  incipient  porphyry,  showing  how 
the  extensive  porphyry  belt  north  of  here  may  be  altered  mica 
schist.    531. 

Some  specimens  of  agglomeritic  diabase  in  which  the  pebbles 
seem  to  have  been  pasted  together  in  a  very  plastic  state  are  532. 
The  mica  schist  and  incipient  porphyry  have  also  a  conglomer- 
itic  structure  though  it  is  rather  indistinct. 

A  little  jaspilyte  is  found  enclosed  in  the  greenstone  in  the  X. 
W.  J,  X.  W.  }  sec.  10.  The  diabase  is  softer  and  chloritic  and 
possesses  the  coarse  agglomeritic  or  concretionary  (?)  structure 
seen  in  it  so  often.* 

The  observations  made  in  going  north  on  this  section  line  sim- 
ply confirm  those  made  on  the  line  a  mile  west,  and  demonstrate 
that  the  coarse,  chloritic,  schistose  agglomerate  is  part  of  this 


*  Bflport  of  H.  V.  WlDchell.    Fifteenth  annual  report,  p.  401. 
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great  diabase  emption  and  that  the  jasper  and  iron  ore  beds  are 
contained  in  it. 

A  ridge  of  mica  schist  is  again  encountered  just  south  of  the 
quarter  post  between  sections  3  and  4.  A  large  exposure  of  this 
rock  is  found  here.  It  is  quite  hard  and  contains  a  little  of  the 
dialmsic  rock  in  these  beds.     533.     Strike  is  N.  16**  W. 

At  the  X.  E.  corner  sec.  4,  the  porphyry  is  met  with,  and  is  the 
same  in  appearance  as  that  found  in  the  X.  E.  i  sec.  8.  The  relation 
between  the  porphyry  and  mica  schist  is  not  evident  here,  but 
they  seem  to  have  a  more  or  less  abrupt  contact.  Samples  of 
porphyry  are  534.  The  mica  schist  has  been  becoming  more 
argillaceous  and  less  micaceous.  Here  there  is  a  large  ridge  of 
it  in  which  the  strata  are  greatly  crumpled  and  the  principal 
strike  has  been  changed  to  X.  10°  E.  It  here  seems  that  the 
pori)hyry  is  not  a  part  of  the  mica  schist  formation,  but  that  it 
was  protruded  into  the  schist  beds  and  caused  all  of  this  disturb- 
ance.    Argillitic  mica  schist  from  here  is  535. 

Going  west  from  here  along  the  north  line  of  sec.  4  a  swamp 
is  crassed,  and  on  the  west  side  is  found  a  diabase  ridge.  Just 
west  of  the  north  quarter  post  of  sec.  4  is  more  porphyry  in  knolls 
and  ridges  which  penetrate  and  are  surroundeil  by  the  diabase. 
They  always  have  an  abrupt  contact.  This  porphyry  is  con- 
glomeritic,  containing  felsitic  and  siliceous  boulders  a  foot  in 
diameter.  Samples  from  the  S.  E.l,  X.  W.  }  sec.  4  are  530.  A 
basiiltic  structure  is  frequently  seen  in  the  porphyry. 

In  the  S.*W.  1,  X.  W.  1  sec.  4,  on  the  ridge  which  lies  between 
two  small  lakes  is  quite  an  exposure  of  red  jasper  and  hematite. 
This  is  seen  to  be  in  beds  of  various  thickness  up  to  four  or  five 
feet,  which  do  not  have  a  common  strike.  Some  strata,  enclosed 
in  diabase,  strike  east  and  west;  while  other  beds  only  a  few 
rods  away  strike  E.  30°  S.  The  beds  all  stand  vertical  and  are 
very  little  crumpled,  537. 

The  diabase  has  a  tendency  to  become  coarsely  schistose  where 
it  lies  in  contact  with  the  iron  and  jasper,  but  farther  away  it  is 
very  hard,  tough  and  massive.  It  has  also  a  coarse  agglomeritic 
structure,  veiy  indistinct  at  this  precise  spot,  but  quite  notice- 
able a  short  distance  east  of  here,  and  is  chloritic.  Xos.  538- 
538  C  represent  these  rocks.* 

*  An  analysis  of  this  green  rock.  538  B,  made  by  Mr.  C.  F.  Sidener  shows,  t» 
was  expected,  that  it  is  basic.     The  fall  record  is  as  follows: 

Silica,  SiO^ 60.47  per  cent 

Alumina,  ALO- 18.45  percent 
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3re  is  also  some  black  jasper  and  magnetite  at  this  place 
ied  in  the  greenstone  in  the  same  manner.  The  beds  are 
er  and  seem  to  contain  pnrer  ore  than  the  hematite  beds. 
39. 

ween  the  K.  W.  corner  sec.  4  and  the  east  quarter  post  sec. 
icided  change  takes  place.  The  diabase  around  the  south 
>nd  west  end  of  the  small  lake  on  the  north  line  of  sec.  4 
les  a  schistose  structmre  which  becomes  finer  and  more  uni- 
l  toward  the  southwest.  At  first  it  is  a  fine  agglomeritic 
se  schist;  then  it  becomes  more  and  more  siliceous  until  it 
ty  and  actually  resembles  the  Knife  lake  rock.     From  this 

where  the  rock  was  found  to  be  very  siliceous,  a  set  of 
nens  was  procured  from  every  outcrop  south  as  far  as  the 
arter  post  sec.  8.  This  siliceous  schist  stands  in  vertical 
vrhich  strike  K.  W.-S.  E.,  and  sometimes  swing  around  to 
The  rock  becomes  more  and  more  flinty  until  at  the  N.  E. 
r  sec.  8  we  have  the  regular  siliceous  schist  of  Knife  lake. 

here  south  to  the  E.  quarter  post  sec.  8,  this  siliceous  schist 
Q  to  grade  into  the  porphyry  which  was  found  there  before. 
e  or  two  places  the  siliceous  schist  seemed  to  be  going  back 
»base;  and  ridges  of  diabasic  schist  and  agglomerate  were 
kI  on  this  line;  but  they  seem  to  be  part  of  the  intruded 
se  which  comes  into  contact  with  this  porphyry  farther 
.  Thus  we  have  diabasic  schist  and  even  massive  diabase 
ling  siliceous  and  even  llinty  and  then  porphyritic,  and 
J  coming  into  contact  again  with  another  part  of  itself  far- 
outh.  Xos.  540-540  J  show  this  transition, 
ng  east  from  the  N.  E.  corner  sec.  8,  mica  schist  is  met  with 
\  than  a  quarter  of  a  mile.  It  has  an  abrupt  contact  with 
lyry.     541. 

!  mica  schist  seen  in  this  township  is  fine-grained,  almost 
s  argillaceous,  poor  in  mica,  which  is  always  in  very  small 
ling  scales,  and  generally  horubleudic. 

iride  of  iron,  FegOa 2,13  per  cent. 

ide  of  iron,  FeO 7.74  i)ercent. 

CaO 6.61  per  cent. 

jia,  MgO 6.90  per  cent. 

i,  KjO 30  per  cent. 

a,0 2.58  per  cent. 

loric  acid,  Vfib traces. 

HjO 2.34  per  cent. 

97.52  per  cent. 
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The  mica  schist  formation  becomes  hornblendic  and  masnve 
in  the  X.  W. },  N.  E.  1  sec.  9.  Fine  dark  syenite  from  sameplaoe 
is  542. 

On  tlie  north  side  of  the  Kawishiwi  river,  on  the  line  between 
sections  19  and  20  the  mica  schist  is  only  two  rods  wide.  Onthe 
north  side  of  it  is  the  eoai'se  diabase  agglomerate. 

PBAIBIE  RIVEB  FALU8. 

A  visit  was  made  at  the  end  of  the  season  to  Pokegama  ftlb 
and  the  region  of  Prairie  Eiver  falls  for  the  sake  of  comparison 
with  and  verification  of  notes  made  previously. 

No  new  facts  were  noticed,  the  report  of  last  year  containing 
all  of  the  points  which  were  noted  this  season. 

Some  work  is  being  done  east  of  the  lower  falls  by  Minne- 
apolis pai't'ies  who  are  searching  for  iron  ore;  although  no  large 
body  of  ore  has  yet  been  encountered,  the  prospect  is  encourag- 
ing. 

Specimens  of  magnetic  ore  were  seen  at  Grand  Bapids  which 
came  from  the  property  of  Mr.  Kearny  situated  about  45  miles 
north  of  Grand  Bapids  in  Township  61-24.  It  seems  to  belong 
to  the  Keewatin  and  is  reported  to  exist  in  paying  quantities 
The  locality  was  not  visited. 

Mr.  Clias.  F.  Howe,  of  Duluth,  has  explored  for  iron  ore  in 
Minnesota  for  several  seasons  and  is  very  well  posted  on  the 
geology  of  iron  ores.  He  reports  the  raagnetitic  quartzyte  of  the 
fTuronian  outcropping  in  Twp.  59-18.  It  has  the  usual  dip 
of  al>out  10'  to  the  S.  S.  E.  and  lies  near  the  syenite  which  is 
north  of  it. 

The  facts  and  observations  given  in  scattered  detail  in  the  fore- 
going notes  if  amplified  and  dicussed  at  length  with  all  of  the 
careful  consideration  which  they  merit  would  far  exceed  the 
limits  assigned  to  this  report.  But  a  brief  allusion  to  some 
l^oints  which  seem  to  furnish  clues  to  the  solution  of  a  few  of  the 
unsettled  problems  in  the  geology  of  this  region  may  be  made 
here  without  attempting  anything  like  a  full  discussion  or  even 
mention  of  all  the  theories  upon  which  the  facts  before  us  have  a 
bearing. 

The  loiccst  or  oldest  formation  to  which  these  notes  make  any  ref- 
erence is  probably  the  syenite  and  gneiss  ridge  constituting  the 
Giant's  range.  (Observations  on  this  rock  were  made  at  various 
points  between  Hinsdale,  on  the  Duluth  and  Iron  Bange  railroad, 


J 
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And  Snowbank  lake:  also  at  a  few  localities  in  the  vicinity  on  what 
is  sapposed  to  be  the  northeastward  continuation  of  this  range. 
The  general  characteristics  of  the  rock  of  this  ridge  are  qaite 
persistent.  The  vertical  foliation,  the  nnusaally  large  grains 
of  blaish  quartz  which  it  contains  and  the  general  aspect  of  the 
orthoclase  serve  to  remind  an  observer  in  the  Ounflint  region  of 
the  same  features  in  the  rock  southwest  of  Birch  lake.  Mica, 
however,  frequently  replaces  hornblende  or  vice  versa;  and  some- 
times both  are  present.  Near  the  surface  and  for  fifteen  or 
twenty  feet  below,  this  rock  has  a  reddish  or  pink  color;  but 
at  a  greater  depth  it  is  gray. 

A  coarse  conglomeritic  structure  is  noted  in  the  syenit>e-gneiss 
of  this  range  at  Hinsdale.  Lenticular  masses  of  dark  hornblen- 
dic  rock  are  seen  at  all  depths  in  the  gray  rock  at  the  quarries. 
These  masses  are  generally  more  than  eight  inches  in  length,  aiid 
the  direction  of  their  longer  axes  is  vertical  or  nearly  so.  There 
is  sometimes  a  foliation  or  schistosity  in  these  inclusions,  and 
this  also  is  vertical. 

A  series  of  vertical  crystalline  schists  is  generally  found  next 
the  older  crystallines  in  other  parts  of  this  region;  but  north 
and  south  of  the  Giant's  range  at  Hinsdale  are  found  exposures 
of  the  sericitio  or  chloritic  schists  of  the  Keewatin  so  close  to 
the  syenite  as  to  make  it  seem  improbable  that  any  crystalline 
schists  intervene  between  them  here.  If  the  high  ridge  is  the 
middle  of  an  anticlinal,  as  seems  to  be  indicated  by  the  presence 
of  the  vertical  Keewatin  schists  on  the  south  side  of  the  ridge, 
having  the  same  strike  as  those  on  the  north,  what  has  become 
of  the  crystalline  schists  which  lie  next  above  the  granites  and 
syenites  f  Were  they  so  highly  metamorphosed  and  affected  by 
pressure  to  such  an  extent  that  they  were  incorporated  into  the 
more  gneissoid  rock  beneath  them,  or  were  they  not  a  wide- 
spread and  universal  deposit  t  Were  there  elevated  portions  of 
the  sea-bottom  which  were  not  covered  by  the  sediments  from 
which  have  resulted  the  crystalline  schists,  but  which  were  later 
<50vered  by  the  sediments  of  the  Keewatin  age!  Considering 
this  ridge  to  be  the  back-bone  of  an  anticinal  the  latter  suppo- 
sition seems  more  probable. 

If  this  be  not  an  anticlinal  how  can  the  presence  of  such  an 
extensive  range  of  crystalline  rock  in  the  midst  of  greenish, 
<diloritic,  more  or  less  argillaceous  and  siliceous  schists  be 
accounted  fori  If  the  vertical  foliation  be  evidence  of  some 
former  bedding  structure,  the  only  way  to  explain  it  seems  to 
Vol.  Ill— 17. 
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be  on  the  supposition  that  a  portion  of  these  schists  themselves 
were  metamorphosed  by  someunosual  disturbance  along  the  line 
of  this  range,  either  by  the  proximity  of  some  great  vent  below 
or  intense  pressure  at  this  place  combined  with  chemical  and 
hydrothermal  forces. 

The  next  formation  is  that  already  mentioned,  the  crystalline 
schist  or  Vermilion  series.  I  wish  to  call  attention  to  the  foct 
that  in  Twp.  63-9  this  series  of  rocks  is  found  to  be  conglomeritic 
over  a  wide  area,  and  has  been  rendered  hard  and  porphyritic 
by  some  adjacent  eruption,  probably  that  great  diabase  outburst 
of  the  Keewatin  age.  Boulders  of  a  large  variety  of  rocks  are 
seen  enclosed  in  the  mica  schist  around  Disappointment  lake. 
This  fact  alone  serves  to  distinguish  it  from  the  diabasic  agglom- 
erates in  which  all  of  the  pebbles,  with  hardly  an  exception, 
hre  of  greenstone  and  jaspilyte.* 

In  eonnectionwith  the  crystalline  schists  *^  muscovado'-  should 
be  mentioned.  It  seems  probable  that  this  term  has  been  em- 
ployed in  the  15th  and  16th  reports  of  this  survey,  to  designate 
the  rotted  granular  condition  of  two  or  three  different  rocks. 
Dr.  Alexander  Winchell  has  applied  it  to  a  rock  which  he  iden- 
tifies with  the  Animike.  It  seems  to  have  been  used  also  to 
describe  fine  decayed  gabbro  as  well  as  an  altered  condition  of 
gneiss  and  the  mica  and  hornblende  schists. 

As  far  as  my  observation  goes  it  has  been  found  quite  easy  to 
recognize  decayed,  rusted  Animike  and  fine  rotted  gabbro  such 
as  is  frequently  found  at  the  northern  edge  of  the  gabbro  over 
fiow.     But  in  several  localities,  notably  on  the  south  shore  of 
Disappointment  lake,  there  are  found  large  exposures  of  a  grana- 
lar,  yellowish-brown  rock  which  does  not  possess  any  distinct 
signs  of  bedding  or  schistosity  and  which  yields  to  a  blow  of  a 
hammer  much  iis  semi-hardened  putty  would.     It  contains  fine 
scales  of  biot  ite  and  grains  of  feldspar  and  olivine.     It  lies  at  the 
north  edge  of  the  gabbro  in  rounded  knolls  which  resemble  gab- 
bro liills  at  a  little  distance,  and  when  its  direct  connection  witli 
the  surrouudiug  rock  is  obscured  it  can  not  be  recognized  as 
belonging  to  any  of  the  usual  formations  of  the  region  nor  as 
being  anything  but  '•  miLSCOvado.' ' 

On  the  south  shore  of  Disappointment  lake  there  is  a  great 
deal  of  this  rock.     To  the  south  of  it  are  masses  of  olivinitic 


*-  Id  his  rtrpon  ou  the  I^ke  of  i\\v  WuckIs,  Geol.  of  Can.  CC,  Mr.  A.  C.  Lavion  uysthitlkt 

ajjrloiuerutes  of  that  ret:io!i  i?raJe  inio  coni:!'inioratt9  along  the  strike  of  tbe  fomiallon.   TUi 
has  noi  'cen  o'-^ervt^l  t.-.  r-e  the  caae in  Minu'.'sota. 
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ore  standing  in  nearly  vertical  beds,  capped  vith  fine, 
yeA  fcabbro  and  having  coarse  labradorite  gabbro  on  the 
1  of  it.  Fortunately  the  lake  shore  affords  a  nearly  ood- 
tua  exposure  of  this  rock  in  both  directioos  in  the  line  of 
e.  It  vas  here  traced  very  carefully,  on  two  different  occa- 
,  and  was  fonnd  to  pass  by  insensible  grade^ions  into  mica 
t  which  became  more  and  more  micaceous  and  typical  as 
listanoe  from  the  gabbro  increased.  This  mica  schist  is  the 
leastern  extension  of  the  crystalline  scbieta  which  are  fonnd 
1  of  the  Kawishiwi  river  in  townships  63-9  and  63-10,  and 

been  followed  continuously  from  there  to  this  lake.  The 
iteof  theQianfs  range  is  known  to  have  formed  the  northern 
3  of  the  Animike  ocean.  This  range  is  low  and  narrow  at  this 
;  and  the  Animike  evidently  was  deposited  on  top  of  the 
ite  and  np  to  or  perhaps  apon  some  of  the  mica  schist 
b  lies  to  the  north  of  the  syenite.  Then  came  the  gab- 
emptioa  and  overflow  and  with  it  a  crnmpling  of  the 
a  and  nptilting  of  the  Animike  beds.  The  gnbbro  also  al- 
I  the  mica  schist  where  it  lay  upon  it,  to  muscovado,deetroy- 
iheschistosity  and  bedding  and  even  altering  the  minenil 
titnents  of  the  rock,  heating  them  so  that  they  formed  new 
linadons,  the  iron  and  magnesia  of  the  biotite  combining 
latge  extent  with  the  free  quartz  to  make  olivine,  though 
a  are  some  nunate  scales  of  biotite  left.  The  same  explana- 
of  moscovado  appears  to  answer  in  other  places  where  it 

seen.  It  seems,  therefore,  that  the  term  "muscovado"  is 
or  ao  ambiguous  one  bat  would  be  more  appropriately  ap- 
1  to  mica  schist  altered  by  gabbro  than  to  iron-bearing 
mike  rock. 

informable  with  the  crystalline  schists  are  the  grauvackes, 
ritic  schists,  diabasic  schists  aad  siliceous  schists  of  the 
mtin  series.  The  foregoing  notes  give  numerous  detailed 
I  which  it  was  my  good  fortune  to  observe  in  localities  par- 
larly  rich  in  instructive  geological  pheuomenii.  Those  fiicts 
i  a  decided  bearing  on  thp,  nature  and  origin  of  the  Keewatiu 
ip  and  the  iron  ores  and  associated  Juspilytes  which  are 
osediu  it 

I  townships  63-9  and  64-8  immense  ridges  of  diabase  and 
c  agglomerates  were  found.  These  form  a  part  of  the  Kee- 
ls formation.  They  pass  conformably  into  the  siliceous  and 
.UaceoQS  schists  of  that  series,  »ad  become  themselves  soft, 
inish  chloritic  schist  which  retains  but  slight  resemblance  to 
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the  massive  eraptive  rock  into  which  they  grade  and  of  which 
they  are  a  part. 

In  the  American  Geologist  for  January,  1889,  the  writer  gave  a 
short  resume  of  the  conclusions  which  had  been  reached  as  to 
the  origin  of  these  basic  portions  of  the  Keewatin.  The  obser- 
vations which  forced  him  to  the  conclusions  there  stated  were 
made  but  a  short  time  before;  and  when  the  article  was  written 
the  fact  that  Mr.  A.  G.  Lawson  of  the  Canadian  geological  sur- 
vey had  described  similar  rocks  in  the  Keewatin  of  the  Lake  of 
the  Woods  and  had  termed  those  aggregations  in  which  the 
boulders  are  of  the  same  material  as  the  magma,  ''agglome- 
rates" was  unknown  to  him.  Mr.  Lawson  also  had  previously 
offered  an  explanation  similar  to  that  given  by  the  writer,  of 
the  surprising  gradations  observed  between  eruptive  and  frag- 
mental  rocks,  viz.,  an  alternation  of  ''volcanic  ejectamenta (botii 
flows  and  tuffs)  and  aqueous  sedimentation." 

Dr.  G.  M.  Dawson  had  also  presented  the  same  views  and  says 
in  speaking  of  similar  rocks  in  the  vicinity  of  the  Lake  of  the 
Woods,  '^  Volcsinic  action  would  appear  to  offer  the  most  reason- 
able explanation  of  their  origin  and  distribution."  * 

These  observations  appear  to  parallelize  our  green  ohloritic  and 
diabasic  schists  and  agglomerates  very  closely  with  those  of  Mr. 
Lawson's  original  Keewatin.  We  find  in  them  the  same  lentic- 
ular, basic  fragments,  the  same  '' concretionary  f"  and  associated 
amygdaloidal  structures  and  the  same  transitions  into  silioeouB, 
fraginental  rocks. 

It  is  gratifying  to  know  that  the  views  of  these  experienced 
geologists  confirm  the  conclusions  mentioned  above.  The  opin- 
ion primarily  held  by  the  geologists  of  the  Minnesota  survey, 
with  the  possible  exception  of  K.  H.  Winchell,  and  which  view 
is  still  maintained  by  Dr.  A.  Winchell  in  the  16th  Annoal 
report,  was  that  these  rocks  were  of  sedimentary  origin  and  that 
the  semi -crystalline,  diabasic  character  was  the  result  of  intense 
metaniorphism.  The  view  now  held  is  not  wholly  in  conflict 
with  that.  It  admits  that  portions  of  the  Keewatin  formation 
were  purely  sedimentary;  but  claims  that  the  larger  part  of  it 
consists  of  a  mixture  of  eruptive  and  sedimentary  materialSi 
and  is  in  niiiny  places  extensively  and  wholly  igneous. 

In  the  opinion  of  the  writer  this  has  considerable  bearing  on 
the  question  of  the  origin  of  the  jaspilytes  embraced  in  the 
green  schists  of  the  Keewatin.     They  are  supposed  to  be  of  some 


*(ieol.  iin«l  l.'esourcfH,  Fnrty-nliitli  Parallel,  p.  5J. 
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sedimentary  formation  which  was  broken  up  and  involved  in 
the  eruptions  of  Keewatin  age.  The  masses  of  jaspilyte  are  an- 
gular and  have  abrupt  contacts  with  the  basic  schists;  they  are 
highly  siliceous  and  are  of  all  sizes  and  shapes.  When  the 
masses  are  large  they  are  usually  in  vertical  position  and  some- 
what elongated  in  the  direction  of  the  schistose  structure  in  the 
surrounding  rock.  Examples  of  a  precisely  similar  disruption 
of  a  sedimentary  formation  and  its  involution  in  an  eruptive 
Section  are  given  in  the  foregoing  pages  in  referring  to  the 
masses  of  Huronian  quartzyte  and  magnetite  enclosed  in  the 
gabbro.  In  several  places  chalcedonic  quartz  similar  to  that  in 
the  jaspilyte  of  the  Keewatin,  was  found  as  part  of  the  Ani- 
mike.  This  fact  is  an  indication  of  the  fragniental  nature  of 
the  jaspilyte;  as  they  cannot  be  separated  from  each  other, —  if 
one  is  sedimentary  the  other  must  be  —  and  there  is  not  much 
doubt  that  that  in  the  Animike  is. 

The  most  recent  fragmental  formation  found  in  northeastern 
Minnesota  is  the  Huronian.  Many  observations  were  made 
upon  a  quartzyte  belonging  to  this  formation  which  seems  to  lie 
above  the  Animike  slates  and  is  the  rock  which  contains  the 
non-titaniferous  magnetite.  This  quartzyte  has  been  called 
Animike  quai*tzyte:  but  seems  to  lie  above  the  Animike  proper. 
It  is  perfectly  conformable  with  the  slates  and  sometimes  grades 
into  rock  which  is  feldspathic  and  argillaceous  rather  than  sili- 
ceous. It  was  observed  to  lie  unconformably  upon  the  rock  of 
the  Giant's  range  in  two  or  three  places.  The  most  interesting 
contact  observed  was  where  this  rock — the  semi-siliceous,  feld- 
spathic Huronian — is  seen  to  lie  unconformably  upon  the  ver- 
tical Keewatin  beds.  This  was  announced  to  be  the  case  by  Dr. 
A.  Winchell  in  the  16th  report  but  no  actual  contacts  were  men- 
tioned. Ck>nsidering  the  greenstone  upon  which  the  Animike 
was  found  to  lie  west  of  Gunflint  lake  as  Keewatin — which  it 
undoubtedly  is — three  or  more  fine  contacts  of  the  Animike 
upon  the  Keewatin  are  reported  in  these  notes.  The  signifi- 
cance of  this  fact  has  been  pointed  out  before. 

A  peculiar  transition  was  found  south  of  the  Giant's  range, 
in  sec.  13,  60-13,  where  the  Animike  is  seen  to  grade  downward 
into  the  syenite.  The  character  of  this  transition,  however, 
does  not  seem  to  be  metamorphic,  but  rather  fragmental.  There 
seems  to  have  been  a  certain  amount  of  the  loose,  crystalline 
material  which  had  resulted  from  the  decay  and  erosion  of  the 
syenite  lying  on  top  of  the  solid  rock  in  the  bed  of  the  sea.    The 
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Animike  sediments  were  deposited  apon  and  aroand  this  ayenite 
stuff.  At  first  the  material  was  mainly  crystalline,  the  sedi- 
ments forming  but  a  very  small  part  of  the  whole  and  only  fill- 
ing the  cracks  and  cavities.  A  few  feet  farther  up  the  materials 
were  about  evenly  divided,  the  fine  detritus  filling  large  spaces 
between  the  elevated  portions  of  the  larger  piep.es  of  syenite. 
As  the  sediments  increased  and  grew  deeper  the  crystalline 
material  was  completely  buried  and  no  traces  of  the  underlying 
rock  were  left;  except  here  and  there  a  small  fragment  of  syenite 
or  an  orthoclase  crystal  which  came  rolling  in  from  above  and 
settled  down  on  the  sediments.  Sometimes  these  crystals  are 
quite  perfect  and  look  strangely  oUt  of  place  in  a  rock  which  is 
so  plainly  sedimentary  and  so  little  altered. 

As  a  rule  there  is  a  decided  difference  in  the  texture  and 
appearance  of  the  Animike  and  Keewatin  rocks;  the  former 
having  a  smaller  proportion  of  feldspathic  and  greenish,  basic 
material,  and  usually  containing  more  quartz  and  some  magne- 
tite.   The  slates  too  of  the  Animike  are  darker  and  apx)ear  to 
be  carbonaceous ;  while  the  slates  and  schists  of  the  Keewatin 
are  argillaceous  and  hydromicaceous.     These  dififerences  are  so 
general  that  a  person  who  has  spent  a  season  comparing  and 
examining  these  rocks  can  usually  tell  at  a  glance  to  which 
formation  a  specimen  belongs.     In  the  vicinity  of  the  east  end 
of  Ounflint  lake,  however,  the  Animike  has  a  marked  resem- 
blance to  the  Keewatin  and  it  is  difficult  to  distinguish  them. 
They  both  have  somewhat  the  appearance  of  grauwacke  and  are 
less  schistose  and  slaty  than  usual.    They  are  of  a  dark  gray 
color,  have  a  rough  surface  on  fresh  fracture  and  show  fewer 
bands  of  sedimentation  than  elsewhere.    The  Animike,  how- 
ever, contains  fine  grains  of  magnetite  disseminated  through  it 
with  a  tendency  toward  a  banded  arrangement,  and  the  Keewa- 
tin has  none. 

Although  the  Huronian  quartzyte  with  which  is  associated  the 
non-titaniferous  magnetite  lies  unconformably  upon  the  syenite 
of  the  Giant's  range  it  is  believed  to  lie  above  the  Animike 
slates  and  to  rest  conformably  upon  them.    The  rock  which  was 
deposited  at  the  border  of  the  ocean  upon  the  syenite  seems  to 
have  been  more  siliceous  than  those  portions  of  the  same  strata 
which  were  fiarther  from  the  shore.     Thus  the  rock  which  litf* 
directly  upon  the  syenite  would  be  a  quartzyte  and  would  pass 
into  the  less  acidic  rocks  farther  south.     This  condition  of  things 
is  believed  to  have  been  observed  in  Twp.  60-13.    Still  there  is 
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probably  an  extensive  qaartzyte  which  is  later  than  the  Animi- 
ke  and  which  lies  directly  npon  the  syenite  because  the  land 
was  slowly  becoming  more  submerged  and  the  sediments  kept 
accumulating  and  extending  farther  and  farther  over  the  range 
of  rock  which  constituted  the  northern  limit  to  the  ocean  and 
the  strata  formed  in  its  depths.  The  dip  of  the  quartzyte  cor- 
responds with  that  of  the  slates  wherever  seen,  and  although  the 
latter  were  not  seen  at  any  place  underlying  the  former,  yet 
their  relative  positions  and  mutual  relations  seem  to  indicate 
that  they  do  so. 

The  gabbro  has  been  so  fully  discussed  in  previous  reports  of 
this  survey  that  it  is  necessary  to  say  but  a  few  words  concern- 
ing it.  The  foot  that  it  is  found  to  embrace  large  fragments  of 
the  Huronian  quartzyte  and  slates  proves  it  to  be  of  later  origin. 
It  is  intersected  by  dykes  of  greenstone  which  are  of  still  more 
recent  date, — perhaps  of  the  Cupriferous  age,  as  that  is  said  by 
the  State  Geologist  in  the  Tenth  annual  report,  p.  112,  to  be  of 
more  recent  date  than  the  gabbro.  However,  the  appearance  of 
these  rocks  in  sec.  35,  58-6  gave  me  the  impression  that  the  gab- 
bro is  on  top  of  the  Cupriferous  and  hence  more  recent.^ 

A  coarse  basaltic  structure  was  seen  in  the  gabbro  on  thesouth 
side  of  Tucker  lake.  There  was  also  an  appearance  of  sediment- 
ary structure  in  the  gabbro  in  N.  W.  \  sec  2,  64-3,  caused  by 
parallel  bands  of  magnetite  several  feet  in  length.  It  shows  how 
one  may  be  deceived  by  similar  banded  structure  in  other 
places. 

Coarse  hornblende,  believed  to  be  the  largest  ever  found  in  this 
state,  was  found  in  the  gabbro  in  the  S.  E.  i  sec.  25,  63-10. 
Crystals  six  inches  long  were  obtained.  Many  seen  in  the  same 
place  were  even  larger. 


UBT    OF    SPECIMENB    COLLECTED  BY  H.    V.    WINCHELL    DUEING 

THE  SUMMER  OF  1888. 

354.    Hydrated  hematite.    John  Mallmann's  working.    Sec. 
29,  59-14. 

854  A.    Gray,  feldspathic  rock,  to  which  is  attached  a  peb- 
ble(f)  of  hematite.    Same  locality. 

356.    Oray  rock  containing  magnetite.    Short  distance  west  of 
last 
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355  A.  Gray  rock  containing  limonite.  From  main  shaft  at 
same  place. 

356.  Magnetitic  chrysolyte.  400  paces  east  of  the  W.  }  post 
sec.  10,  60-12. 

357.  Syenite.    S.  W.  I  sec  8,  60-12. 

358.  Olivinitic  magnetite.  One-fourth  milesoath  of  N.  W. 
corner  sec.  17,  60-12. 

359.  Greenish,  magnetitic,  olivinitic  quartzyte.  S.  W.  },  S. 
W.  i  sec.  17.  60-12. 

360.  Dark,  siliceous  magnetite.    K.  E.  corner  sec.  19,  60-12. 
301.    Slaty,  carbonaceous  rock.    Same  locality. 

362.  Stratified  magnetite  and  quartzyte  or  siliceous  schist*. 
N.  W.  J,  N.  E.  1  sec.  19,  60-12. 

363.  Magnetite.    N.  W.  },  N.  E.  \  sec.  19,  60-12. 

.%4.  Quartz  conglomerate  with  a  green  matrix.  From  boul- 
ders seen  east  of  Iron  lake.    N.  W.  \  sec  24,  60-13. 

365.  Hornblendic  Animike  slate.  A  short  distance  north  of 
last  locality. 

366.  Samples  showing  the  transition  from  Animike  to  the 
syenite  of  the  Giant's  range.  Xorth  end  of  Iron  li^ke,  S.  W.  \ 
sec  13,  60-13. 

367.  Greenish  Animike  rock  containing  a  felsitic  boulder. 
Same  locality. 

368.  Coarse,  micaceous  syenite,  N.  E.  i  sec.  14,  60-13. 

369.  Black,  magnetitic  rock,  S.  W.  side  of  Iron  lake.  K  R 
i  sec.  23,  60-13. 

370.  Tough,  dark  magnetitic  rock.    N.  W.  \  sec  35,  60-13. 

371.  Keddish-gray  quartzyte.  Found  in  fragments  on  the 
trail  in  N.  W.  i  sec.  32,  60-13. 

372.  Samples  from  the  bottom  of  the  Animike  where  it  x>a88e8 
into  and  rests  upon  the  syenite.  South  of  the  trail.  S.  W.  1,  N. 
W.  t  sec.  32,  60-13. 

373.  Black,  carbonaceous  slate  rock  containing  magnetite. 
8.  W.  i,  S.  W.  i  sec  32,  60-13.    From  a  shaft 

374.  Grayish  rock  containing  bands  of  magnetite.  A  little 
N.  W.  of  last. 

374  A.    Reddish,  jaspery  rock.    Same  locality. 

375.  Weathered  samples  of  magnetitic  rock.  8.  W.  J  sec 
31,  60-13. 

376.  Sample  of  reddish,  decomposed  jaspery  rock  from  top 
of  a  shaft  in  N.  E.  1  sec  11,  59-14. 

376  A.     Hematitic  rock  from  bottom  of  the  same  shaft. 
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r?.    Feldspathic  Keewatin  schists.    K.  W.  i  sec.  11,  59-14. 
'8.    Feldspathic,  gray,  Keewatin  schist,  9.  E.  '* forty"  sec. 
59-14. 

■  9.    Olivinitic,  magnetitic  rock.    From  a  shaft  in  N.  W.  J 
14,  69-14. 

M).    Dark,  slaty  rock  containing  needle-shaped  crystals  of 
ablende  and  bands  of  black  jasper.     Sec.  22,  59-14. 
U.    Grayish,  soft,  sericitic  schist,  23.  E.  i  sec.  17,  59-14. 
12.    Gray  syenite  of  the  Giant's  range,  Hinsdale. 
12  A.     Bed  syenite  containing  decayed  hornblende.    Found 
r  seams  or  faalts  in  the  syenite  at  Hinsdale. 
)3.    Hornblende  schist  from  inclnded  boulder-forms  in  the 
lite,  Hinsdale. 

^.  Fine,  gray  granite,  found  cutting  the  syenite  at  Hinsdale. 
)5.  Dark,  red,  decomposed  syenite.  Three  miles  north  of 
Giant's  range  on  the  railroad. 

$6.  Gabbro.  Sec.  5,  58-14.  In  a  railroad  cut  three-fourths 
.  mile  north  of  Beaver  creek. 

17.     Dark,  silico-argillaceous  rock  apparently  carbonaceous. 
E.  J,  S.  W.  i  sec.  9,  58-14.     On  Partridge  river. 
)8.     Beddish,  hematitic,  quartzose  rock.     From  a  shaft  in 
B.  i,  8.  E.isec.  11,  59-14. 

19.  Feldspathic  Keewatin  schist.  Near  the  centre  of  S. 
\  sec.  11,  59-14. 

S9  A.    Quartz  from  veins  in  last.     Containing  talc. 
•K).     Dark,  carbonaceous  (t)  rock  supposed  to  be  Keewatin. 
le  locality. 

)1.     Felsitic  siliceous  schist.     N.  E.  i  sec.  15,  59-14. 
^2.     Magnetic,  olivinitic  iron  ore,  about  200  paces  southeast 
Q  last  and  40  feet  higher. 

93.     Magnetic  iron  ore.    K.  W.  J,  N.  W.  J  sec.  14,  59-14. 
M.     Pinkish  quartzyte.     Found  in  angular  fragments  on  the 
1  in  Twp.  60-13. 

95.  Black  magnetic  sand.  Birch  lake,  S.  W.«},  S.  E.  i  sec.  32, 
12. 

96.  Fine,  muscovado-like  gabbro.    N.  E.  }  sec.  26,  61-12. 

96  A.    Specimen  of  a  boulder  (t)  enclosed  in  last. 

97.  Animike  or  Huronian  quartzyte.  S.  E.  i,  X.  E.  i  sec. 
61-12. 

97  A.    Homblendic  quartzyte.    Same  locality  as  last. 

!97  B.  Quartzyte  containing  unknown  mineral.  Same  place. 
t97  C.    Magnetitic  quartzyte.    Same  locality. 

voL  in— la 
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398.  Stratified  quartzyte  and  magnetite.     S.   E.  i  sec.  26, 
61-12. 

399.  Olivinitic  quartzyte.     E.  i,  K.  W.  i  sec.  35,  61-12. 
399  A.     Coarse  quartzyte  and  magnetite.    Same  locality. 

400.  Syenite,  pink  and  rather  coarse.    S.  E.  i,  N.  E.  i  sea 
35,  61-12. 

401.  Quartzyte,  containing  much  magnetite.     Same  locality. 

402.  Hornblendic,  olivinitic  magnetite  rock.     N.  E.  t,  S.  W. 
i  sec.  35,  61-12. 

403.  Coarse  quartzyte  and  fine  chrysolyte.     8.  W.  "  forty," 
sec.  35.  61-12. 

404.  Chrysolyte.     S.  W.  }  sec.  35,  61-12. 

405.  Olivine  bearing  magnetitic  quartzyte.    N.  },  S.  E.  i  sec 
24,  61-12. 

405  A.    Hornblendic  samples  of  last. 
405  6.     *'  Slickensides. *'     Same  locality. 

406.  Hard,  hornblendic  Animike  found  lyiug  upon  syenite. 
S.  E.  1,  N.  E.  1  sec.  35,  61-12. 

407.  Magnetite  and  quartzyte  in  banded  alternation.     S.  E.  i 
sec  30,  62-10. 

408.  Granular  olivinitic  rock.     Same  locality. 

409.  Fine  grained  olivinitic  magnetite.     Same  locality. 

410.  Titaniferous  ( t )  magnetite.     Same  locality. 

411.  Hornblendic  olivinitic  quartzyte.    Same  locality. 

412.  Coarse  gabbro.     8.  E.  1,  N.  E.  },  sec  36,63-10. 

412  A.     Coarse  hornblende  and  labradorite.    Same  locality. 

413.  Altered  Animike  from  fragments  enclosed  in  the  gab- 
bro.   Same  locality  as  412. 

414.  Coarse  magnetite.     Same  place. 

415.  Very  coarse  hornblende.    From  the  gabbro.   8.  B.  i,  8. 
E.  i  sec  25,  63-10. 

416  and  416  A  to  416  E  represent  a  transition  from  seridtio 
schist  to  granite. 

417.  Micaceous  hornblendic  schist.     Same  locality. 

418.  Biotitic  hornblendic  schist.     K.  W.  forty  sec  4,  63-12. 

419.  Calciferous  sericite  schist.     N.  W  i  sec  4,  62-12. 

420.  Gabbro  from  lake  Isabelle.     N.  W.  i,  8.  E.  J  sec  35, 
62-8. 

420  A.    Gi'ay,  fine  granular  rock  contained  in  last. 

421.  Pebbles  from  a  point  just  east  of  last. 

422.  Dyke  rock.  8.  W.  },  S.  E.  i  sec  36,  62-8. 

423.  Fine,  brown  gabbro  containing  biotite.     East  of  lake 
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Iaik1>eUe  in  T.  62-7. 

4-24.    Gray  labradorite  rock.    Two  miles  up  Swamp-lake  river 
from  lake  Isabelle. 

424  A.    Oray  gabbro  with  a  streak  of  red  in  it.    Same  place. 

424  B.    Bed  gabbro.    Same  locality  as  last  two. 

425.  ) 

425  A.  (Specimens  illostrating  a  change  from  gabbro  to  dark, 
425  B.  [  tough  hornblendic  rock. 

425  C.J 

426.  Hornblendic  gabbro.    East  of  the  north  end  of  lake 
Harriet. 

427.  Gkkbbro.    From  a  small  island  near  the  south  end  of 
If  ine  Mile  lake. 

428.  Gkkbbro.    From  west  side  of  Crooked  lake. 

429.  Trap  rock.    Sec.  15,  59-6.    West  of  the  narrows. 

430.  Fine  grained,   olivinitic  gabbro.    West  side  of  Kine 
Mile  lake. 

431.  Gabbro.    Sec  35,  58-6. 

432.  Bed,  impure  felsyte.    East  of  last  a  few  rods. 

433.  Siliceous  Keewatin  schist.    About  40  rods  up  the  creek 
which  enters  the  east  end  of  Ounflint  lake  from  the  northeast. 

434.  Sericitic  schist.    Farther  up  the  creek  on  east  side. 

435.  Beddish,  jaspery  ALuimike  rock.    Bed  of  same  creek. 

436.  Dark,  ferruginous   conglomerate.       About    one-fourth 
>Xiile  up  the  creek. 

437.  Greenish,  sericitic  schist.    East  of  last  a  few  rods. 

438.  Animike  from  near  a  contact  with  Keewatin.    Bed  of 
^xne  creek. 

439.  Keewatin  rock  from  same  place. 

440.  Magnetitic  gabbro.    K.  E.  1,  N.  W.  i  sec.  2,  64-3. 

441.  Dioritic  magnetitic  gabbro.    8.  W.  i,  N.  W.  J  sec.  2, 


442.  Titaniferous  magnetite.    S.  E.  1,  K.  W.  1  sec.  2,  64-3. 

443.  Black  carbonaceous  slate.    N.  W.  }  sec.  35,  65-3. 

444.  Greenstone.     Found  lying  on  top  of  443  (H). 

445.  Porphyry  or  porphyrel.     Loose  mass  at  same  place. 
445  A.    Trap  found  stuck  fast  to  445. 

446.  Very  strongly  magnetic  iron  ore.  N.  W.  J,  N.  W.  t  sec. 
^,65-4. 

447  and  447  A  to  447  E  illustrate  a  transition  from  Black 
^Himike  slate  to  greenstone.     N.  E.  i  sec.  25,  65-4. 
447  F.     Porphyritic  trap  rock.    Same  locality. 
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447  6.     Dyke  rock.    Same  locality. 

448.  Brecciated  Auimike  slate.    Same  locality. 

449.  Qaartz  conglomerate  not  seen  in  place.  From  sec  28, 
65-4. 

450.  Magnetite!     N.  W.  i  sec.  28,  65-4. 

451.  Biotitic  altered  greenstone.    Same  locality. 

452.  Diamond  drill  cores.    Same  locality. 

452  A.  Pyritous  quartzyte  from  bottom  of  Animike  at  same 
place. 

453.  Drillings  from  al)out  one-eighth  mile  soath  of  the 
''camp"  in  sec.  28,  in  65-4. 

454.  Quartzyte  and  magnetite.     N.  W.  i  sec.  35,  65-5. 

455.  Auimike  from  next  to  a  contact  with  underlying  green- 
stone.    N.  W.  1  sec.  35,  65-5. 

455  A.  Animike  rock  from  a  similar  contact  150  paces  west 
of  last. 

456  and  456  A  to  456  C  are  samples  of  the  greenstone  from 
the  eastern  contact  taken  in  order  receding  from  the  line  of 
contact. 

456  D  is  a  sample  of  greenstone  from  the  western  contact. 

457.  Conglomerate  greenstone.     250  paces  east  of  last. 

458.  Fine,  crystalline,  grayish  brown  rock  composed  of  plagi- 
oclase,  mica,  olivine  and  magnetite.  Korth  of  last  in  a  high 
ridge. 

458.  A.     Coarse,  hornblendic  gabbro.     S.  line  sec.  12,  64-6. 

459.  Gabbro.     Gabemichigama  lake.     N.  £.  i  sec  6,  64-^5. 

460.  Modified  Animike.  South  side  of  the  island  in  N.  W.  i 
sec.  6,  64-5. 

461.  Magnetitic  gabbro.     S.  E.  i  sec.  1,  64-6. 

462.  Decomposed  gray  quartzyte.  Under  the  gabbro  at  same 
locality. 

463.  Conglomeritic  grauwacke.  N.  W.  i  sec.  33,  66-6.  South 
of  Otter  Track  lake. 

463  A.  Bock  resembling  magma  of  Ogishke  conglomerate. 
Same  locality. 

464.  464  A  and  464  B  illustrate  the  passage  of  grauwacke  into 
flint. 

465.  Magnetitic  siliceous  schist.  N.  W.  i,N.  W.  J  sec  33, 66-6. 

466.  Magnetitic  jaspery  rock.     On  hill  east  of  last. 

466  A.  Contact  specimen  between  466  and  siliceoos  greenish 
Keewatin  schist.     Same  locality. 

467.  Amygdaloidal  calciferous  rock  from  boulders  enclosed  in 
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chloritic  schist.    North  side  of  Otter  Track  lake.  N.  W.  i 
7,  66-6,  as  in  Minn. 

A.     From   similar  boulders  not  amygdaloidal.      Same 

• 

Calciferons  breccia  fonnd  immediately  surrounding  the 
er  forms. 

Jaspilyte.    Short  distance  east  of  last. 
A.    Magnetite.    Same  locality. 

Green  schist  from  near  a  contact  with  469. 
A.    Jasper  from  same  contact. 

Feldspathic,  semi-crystalline  schist.    From  the  corner 
5d  "E  333"  and  "R  337''  about  half  a  mile  north  of  Otter 
lake. 

Coarsely  porphyritic  green  rock.    North  side  of  a  lake 
L  lies  on  the  north  side  of  Otter  Track  lake, 
and  473  A.    Keewatin  rock  turning  into  red  and  black  jas- 
North  of  Otter  Track  lake. 
B.    Magnetite  in  green  schist.    Same  locality. 

Jasper  and  magnetite.    Same  locality. 

Average  sample  of  the  non-schistose  Keewatin  from 
of  Otter  Track  lake. 

Argillyte.    N.  W.  i,  S.  E.  i  sec.   2,  64-8.     Lake  Vira. 

Fine  mica   schist.    S.   W.    t,  S.  W.   i  sec   32,   64-8. 
^n  Snowbank  and  Disappointment  lakes. 

Bed,  fine  syenite.    Cutting  last. 

Mica  schist.    S.  £.  1  Sec.  32,  64-8. 

Conglomeritic  mica  schist.    Same  locality. 
A.     Bed  granite  from  intrusions  in  480. 

Trap  rock  from  a  dyke  cutting  480. 

Mica  schist.    S.  E.  1,  N.  E.  i  sec.  6,  63-8.    Bound  lake. 

Syenite  gneiss.    N.  W.  J,  N.  E.  i  sec  6,  63-8.     Bound 

Dark  siliceous  syenite.    West  side  of  Bound  lake. 

Micaceous  syenite.    N.  W.    J,   N.  E.    t  sec.   7,  63-8. 
i  lake. 

Oabbro.     Found  lying  on  485. 

Hardened  mica  schist.     S.  E.  i  sec.  6,  63-8. 

Fine  red  syenite.     Intrusion  in  last. 

Finely  conglomeritic  mica  schist.     N.  E.  \  sec  5,  63-8. 
[>ointment  lake. 

490  A  and  490  B  represent  a  transition  from  mica  schist 
jcovado.    N.  E.  J,  S.  W.  }  sec.  4,  63-8. 
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490  C.    Mottled  muscovado.    Same  locality. 

491.  OliviDitic  magnetite  and  quartzyte.    Same  place. 

492.  Fine  gabbro  found  lying  upon  491. 

493.  Coarse  labradorite  gabbro,    South  of  last. 
493  A.    Titaniferous  (!)  magnetite.     Found  in  last. 

494.  Feldspathic,  muscovado-like  mica  schist.     N.  E.  i  sec 
4,  63-8. 

495.  Fine,  micaceous  syenite.    S.  W.  i  sec  34,  64--8. 

.  496.     Conglomeritic  mica  schist     N.  E.  i  sec  33,  64--8. 

497.  Diabasic  conglomerate.     From  N.  W.  i  sec  34  and  S. 
W.  i  sec  27,  64-8. 

498.  Diabasic  schist.    Same  locality. 

499.  Diabase.    Same  locality. 

500.  Oneissic  schist  from  lake  shore  having  a  foliation  from 
N.  W.  to  S.  B.,  K  W.  i  sec  34,  64-8. 

501.  Biotitic  trap.     S.  W.  J  sec  27,  64-8. 

502.  Siliceous  greenstone.     N.  E.  i,  S.  W.  i  sec  27,  64-8. 

503.  Porphyritic  mica  schist  conglomerate  S.  W.  t,  N.  W. 
i  sec  27,  64-8. 

504.  Conglomeritic  mica  schist.    S.  W.  i  sec  11,  63-9. 

505.  Muscovado.  North  of  quarter  post  between  sections  14 
and  15,  63-9. 

505  A.    Titaniferous  (!)  magnetite.     Same  locality. 

506.  Fine,  gray,  hornblendic  mica  schist.  S.  W.  I,  N.  W.  i 
sec.  16,  63-9. 

507.  Diabase,  340  paces  north  of  W.  quarter  post  sec  16, 
63-9. 

508.  Diabase.     N.  W.  corner  sec  16,  63-9. 

509.  Fine  conglomeritic  diabase.  375  paces  north  of  the  8. 
W.  corner  sec  9,  63-9. 

510.  Porphyrelle.     N.  E.  t  sec  8,  63-9. 

510  A.     Porphyrelle  containing  red  jasper.    Same  locality. 

510  B.     Porphyrelle  containing  greenstone.    Same  locality. 

511.  Diabasic  rock  found  enclosing  jaspilyte.  N.  E.  i  sec  8, 
63-9. 

511  A.  Contact  specimens  of  diabase  and  jaspilyte.  Same 
locality. 

511  B.  Diabase  containing  fragments  of  jaspilyte.  Same 
locality. 

511  C.  Porphyritic  diabase  containing  fragments  of  porphy- 
relle.    Same  locality. 

512.  Soil  talcose  rock.     Same  general  locality. 
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Oray  schistose  rock  found  in  contact  with  jaspilyte. 
locality. 

.    Jaspilyte  (jasper  and  magnetite).    Same  locality. 
.     Porphyrelle.    N.  W.  i,  N.  E.  \  sec.  8,  63-9. 
.    Trap  rock.     Catting  last. 

Botted  diabase.    Southwest  of  last  some  distance. 

Micaceous  diabasic  schist.    Same  general  locality. 

White,  crumbling  jasper.    Sec  8,  63-9. 

Dark,  ancient  conglomerate  in  contact  with  the  porphy- 
1  conglomerate.    Sec.  S,  63-9. 

Contact  specimen.    Diabase  and  porphyrelle.    Sec.  8, 

Coarser  diabase  than  usual,   having  white  crystals  of 
»ar  on  weathered  surfaces. 
A.    Fine  diabase  cutting  522. 
.    Fine  grained  olivinitic  mica  schist.    S.  W.  forty  sec  10, 

A.  Conglomeritic  mica  schist.    Same  locality. 

B.  Diabasic  mica  schist.    North  of  last. 

.    Busty,  decomposed  mica  schist.    Same  locality. 
.    Mica  schist  showing  stratification.     At  300  paces  north 
>  S.  W.  corner  sec  10,  63-9. 

.    Mica  schist  from  a  contact  between  it  and  diabase.     100 
north  of  last. 

.     Diabase  from  same  contact. 
.    Diabase     N.  W.  \,  S.  W.  i  sec  10,  63-9. 
.     Dark,  pitted  mica  schist.     Same  locality. 
.     Diabasic  strata  in  mica  schist.     Same  locality. 
.    Porphyritic  mica  schist.     North  of  last. 
.    Diabase  conglomerate.     Same  general  locality. 
.    Mica  schist,  somewhat  diabasic.     Just  south  of  the  quar- 
)st  between  sees.  3  and  4,  63-9. 
.    Porphyrelle.    N.  B.  corner  sec.  4,  63-9. 
•.    Argillitic  mica  schist.    Same  locality. 
.     Porphyrelloid  conglomerate.     S.  E.   J,  N.  W.  i  sec.  4, 

.    Jaspilyte.    S.  W.  i,  N.  W.  i  sec  4,  63-9. 

I.    Diabase  from  contact  with  Jaspilyte.     Same  locality  as 

I  A  and  538  B  are  from  a  distance  of  five  and  ten  feet  re- 
ively  from  this  contact. 
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538  G.  A  phase  of  the  diabase  which  does  not  look  80  bag 
Same  place. 

539.    Black  jasper  and  magnetite.     Same  locality. 

Nos.  540  and  540  A  to  540  J  illustrate  a  transition  from  i 
diabasic  schist  through  siliceous  argillyte  to  i>orphyrelle  wb 
takes  place  between  the  N.  W.  corner  sec.  4  and  the  E.  qnai 
post  sec.  8,  63-9. 

541.  Mica  schist.    K  W.  i,  N.  W.  J  sec  9,  63-9. 

542.  Fine,  dark  syenite.    N.  W.  i,  N.  R  J  sec  9,  63-9. 

ELEVATIONS   DETEBMINED    BY  ANEROID  BABOHETEE   BT  H 

WINCHELL. 

Ft  a! 

L.Sap 

Devirs  Track  river  at  the  crossing  of  the  county  road  north  of  Grand 
Marais 

Top  of  "  Pine  Mountain,"  12  miles  from  the  lake 

South  Bruld  river  at  the  crossing  of  county  road 

Birch  lake,  Twp.  65-2 

Duncan's  lake 

Rose  or  Mud  lake 

South  lake : 

North  lake ] 

Gunfiint  lake ] 

IjOod  lake ^ 1 

Mavhew  lake 1 

I>ake  Vira  is  about  the  same  hight  as  Knife  lake. 

Hnsign  lake  is  40  feet  lower  than  Knife  lake. 

Snowbank  lake  is  45  feet  higher  than  Knife  lake. 

Disappointment  lake  is  120  ft.  higher  than  Knife  lake. 

Hound  lake  is  90  feet  higher  than  Knife  lake. 

Kawishiwi   river  is  57  feet  higher  than  Knife  lake  where  the  portage  t 
Snowbank  lake  strikes  it.     N.  W.  J  sec.  16,  63-9. 

CONTACTS  OBSERVED. 

Animike  on  the  syenite  of  the  Giant's  range,  north  of  h 
hike:  also  west  of  Gunfiint  lake,  N.  W.  1  sec.  23,  65-4;  also 
E.  1,  X.  E.  \  see.  35,  61-12. 

Gabbro  on  Animike,  X.  E.  i  sec  26,  61-12  south'of  Birch  la^ 
also  south  side  of  Disappointment  lake.     Gabbro  on'syenite, 
W.   }   see.  24,  61-12:  also  X.  E.  i  sec.  7,  63-8.    Fine-graic 
>;abbro  or  trap  on  Animike  slate,  east   end  of  Ganflint  lal 
and  around   Loon  lake.     Animike  on  Keewatin,  creek  bed 
i'ast  tMul  of  (i until nt  lake;  also  X.  W.  }  sec.j35,  65-5;  also  N. 
see.  27\  {\'y-i. 
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Trap  rock  on  porphyrel,  Loon  lake;  also  sec.  8,  63-9.  Jaspi- 
te  and  porphyrel,  Twp.  63-9,  many  places.  Jaspilyte  and  dia- 
ae,  many  places  in  Twp.  63-9.  Mica  schist  and  diabase,  S.  W. 
sec.  10,  63-9.     Mica  sdiist  and  porphyrel,  N.  E.  corner  sec.  4, 

TRANSITIOyS  OBSERVED. 

From  Animike  to  syenite.    North  of  Iron  lake. 
From  Keewatin  hydromica  schist  to  granite.    N.  E.  i  sec.  9, 
M2. 

From  black  Animike  slate  upward  to  fine  gabbro  or  trap. 
)ath  side  of  Loon  lake. 

From  black  Animike  slate  downward  to  trap.  N.  E.  i  sec. 
1,65-4. 

From  mica  schist  to  '^muscovado"  and  back  to  mica  schist. 
.  E.  i  sec  4,  63-8. 

From  mica  schist  to  diabase.    N.  W.  i  sec.  34,  64-8. 
From  diabase  through  diabasic  agglomerate  to  chloritic  schist, 
wp.  63-9. 

From  diabasic  schist  through  siliceous  schist  to  porphyrel. 
?irp.  63-9. 

CONGLOMEBITIC  STEUCTUEE  OB8EEYED  IN 

Keewatin,  in  schistose,  porphyrelloid  and  diabasic  portions. 
Ajiimike,  in  various  places. 
Syenite  of  Giant's  range,  at  Hinsdale. 

Mica  schist  and  porphyrelloid  mica  schist.      S.   E.   i  sec. 
!l2,64-8. 

Gabbro,  containing  fragments  of  Animike.     N.  E.  1  sec.  26, 
6H2. 

Vol.  Ill— 19. 
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IV. 


EEPORT   OP  GEOLOGICAL   OBSERVATIONS  MADE   IS 

NORTHEASTERN   MINNESOTA   DURING 

THE  SUMMER  OF  1888. 


By  Uly.  S.  Grant. 


L    Genebax  Statement. 

Daring  the  latter  part  of  June,  all  of  Jaly,  and  the  greater 
part  of  Angnst  a  party  was  employed  in  collecting  sets,  of 
twenty-five  specimens  each,  of  the  typical  rocks  of  northeastern 
Minnesota.  Besides  the  writer,  the  party  consisted  of  Mr.  A. 
D.  Meeds,  of  the  University,  and  two  Indians,  Charley  and  Nick 
Sucker,  from  Vermilion  lake.  The  traveling  was  done  en- 
tirely by  canoe,  as  is  usual  in  this  region.  The  town  of  Ely, 
which  is  now  the  northern  terminus  of  the  Duluth  and  Iron 
Range  railroad,  was  used  as  a  supply  point,  and  from  here  three 
trips  were  made  eastward  and  south-eastward, —  each  trip  taking 
about  three  weeks.  Most  of  the  country  from  Vermilion  lake 
east  to  Gunflint  lake,  explored  by  the  survey  during  the  last  two 
summers,  was  passed  over,  and  rock  samples  collected  from 
various  localities  designated  by  Prof.  N.  H.  Winchell.  The 
samples  are  of  museum  size  —  three  by  four  inches — and  bear 
the  numbers  given  by  Prof.  Winchell  in  the  tenth,  fifteenth  and 
sixteenth  annual  reports  of  the  survey.  In  all  forty-five  sets,  or 
over  eleven  hundred  specimens,  were  collected;  these,  together 
with  those  collected  in  1886  and  1887,  form  quite  a  complete 
series  of  typical  rocks  of  that  part  of  the  state  lying  north  of  lake 
Superior.  The  specimens  were  shipped  to  Minneapolis  and  are 
now  in  the  rooms  of  the  survey, — but  as  yet  they  have  not  been 
unpacked  and  labeled. 

While  collecting  the  rock  samples  some  attention  was  paid  to 
the  geology;  thus  a  few  additional  facts  were  noted,  and  several 
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places,  not  before  visited  by  the  survey,  were  examined.  Bat 
these  observations  were  not  very  extensive,  as  the  time  was  lim- 
ited and  the  main  object  was  to  collect  the  samples  wanted.  This 
fact,  together  with  the  inexperience  of  the  writer  in  the  line  of 
geology,  will  perhax>s  account  for  discrepancies  in  the  following 
pages.  The  only  place  where  any  detailed  observations  were 
made  was  on  the  north  shore  of  Ounflint  lake  while  trying  to 
discover  the  western  extension  of  the  belt  of  hornblende  schists 
(Vermilion  series)  which  lie  between  the  vertical  earthy  schists 
(Kewatin)  on  the  south  and  the  gneiss  on  the  north. 

During  the  latter  part  of  August,  all  of  September  and  the 
first  half  of  October  the  writer  was  engaged,  under  the  direction 
of  Mr.  H.  V.  Winchell,  in  examining  reported  outcrops  of  iron 
ore.  While  thus  employed,  two  separate  trips  were  made, — 
one  from  Ounflint  lake  south  to  Brul6  lake,  and  one  along  the 
Kawishiwi  river  in  T.  63-7  and  62-9.  A  few  notes,  concerning 
the  general  geology  of  the  country  thus  passed  over,  are  given; 
but  it  should  be  remembered  that  the  main  object  of  these  trips 
was  to  examine  into  the  richness  and  extent  of  the  iron  ore  out- 
crops. Notes  on  a  few  of  the  lakes  passed  through  on  a  trip 
from  Kawishiwi  lake  south  to  lake  Superior  are  also  given;  but 
a  full  account  of  this  trip  will  be  found  in  the  report  of  Mr.  H. 
V.  Winchell. 

Owing  to  the  numerous  heavy  spring  rains,  all  the  lakes  and 
rivers  were  very  high, —  from  two  to  five  feet  higher  than  during 
the  summers  of  1886  and  1887;  this  rendered  examination  of  rock 
exposures  along  the  lake  shores  more  difficult  than  formerly,  as 
in  many  cases  the  water  extended  back  over  the  rocky  shores  to 
the  soil.  The  insect  pests  (black- flies  and  mosquitoes)  were  also 
very  numerous  and  troublesome. 

The  Canadian  side  of  the  boundary  lakes  and  rivers  from  Gun- 
flint  lake  to  Ottertrack  lake,  seems  to  have  been  surveyed  during 
the  last  year. 

The  rock  samples,  which  illustrate  the  following  notes,  are 
numbered  from  1  up  to  298,  the  letter  G  being  placed  on  each 
specimen,  after  the  number.  The  figures  are  green, — pariB 
green  and  shellac  dissolved  in  alcohol  being  used. 

The  township,  section  and  quarter  section,  where  each  8i>eci- 
men  was  found,  is  given.  The  township  (in  this  report)  is  always 
north  and  the  range  west  of  the  fourth  principal  meridian,  Min- 
nesota. 

Appended  to  this  report  will  be  found  (1)  a  brief  summary  (tf 
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obBervatioDS,  (2)  a  list,  with  notes,  of  the  typical  rocks  of  which 
25  spedmens  were  collected,  (3)  a  table  of  barometric  elevations 
and  (4)  a  catalogue  of  rock  samples  to  illustrate  the  writer's 
notes. 

Magnetic  bearings  were  taken  roughly  in  the  field;  these  have 
not  been  corrected  either  for  general  or  local  variations. 

n.    Oeglogigal  Notes. 

OTTEBTSACK  LAKE. 

This  is  one  of  the  boundary  lakes,  and  extends  north-east  and 
south-west  in  T.  66-6.  On  the  north  shore  of  the  lake  in  N.  E. 
i  of  N.  W.  i  sec  27,  T.  66-6  (if  the  Minnesota  sections  were  ex- 
tended northward  to  the  Canadian  shore)  is  a  cliff  about  forty 
feet  high;  this  cliff  is  composed  of  magnetic  iron  slates 
banded  with  red  and  black;  the  red  bands  are  jasper  and  the 
black  ones  are  composed  mostly  of  magnetite.  The  banding  is 
twisted  and  bent  in  every  direction,  but  is  almost  always  in  a 
vertical  plane.  Mr.  J.  F.  Conniff  of  Duluth  tells  me  that  on 
the  south  side  of  the  lake  in  the  K.  i  of  sec.  33  (80  rods  south  of 
the  lake  shore),  there  is  an  exposure  of  these  vertical  iron  slates; 
he  says  they  appear  in  the  form  of  a  '*  vein,''  from  four  to  twelve 
feet  wide,  and  strike  east  and  west.  Xo.  1  and  No.  2  are  speci- 
mens he  gave  me  from  this  locality;  No.  3  is  from  the  cliff  on  the 
north  shore  of  the  lake.  The  first  outcrop  on  the  shore  west  of 
these  slates  is  represented  by  No.  4,  and  the  first  east  of  them  by 
Ko.  5,  both  of  which  are  gray wacke-like  rocks.  A  full  account 
of  this  place  will  be  found  in  the  report  of  Mr.  H.  Y.  Winchell; 
also  see  the  sixteenth  annual  report,  p.  210,  for  the  geology  of 
Ottertrack  lake. 

GUNFLINT  LAKE  AND  VICINITY. 

This  lake  lies  on  the  boundary  in  the  north  part  of  T.  65-3, 
and  extends  eastward  into  T.  65-2;  it  also  touches  the  eastern 
aide  of  T.  65-4. 

On  the  small  island  in  S.  E.  i  of  S.  E.  }  sec.  13,  T.  65-4,  were 
fonnd  five  elongated  pieces  of  a  dark  schist,  which  is  composed 
principally  of  hornblende  and  feldspar,  the  latter  weathering 
pinkish;  these  pieces  are  in  the  syenite  of  which  the  island  is 
oomposed;  the  largest  piece  was  five  feet  long  and  seven  inches 
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wide;  the  long  axis  of  each  piece  extends  in  the  same  direcEion, 
—  i.  e.  N.  85®  W.  (Mag.).  All  the  pieces,  except  one,  ihin  ovk 
into  wedge-shaped  ends.  No.  6  represents  the  syenite,  and  No.  I 
the  schist.     The  largest  of  these  pieces  is  shown  in  Fig.  1. 


<-—rz s/r. 


•^  -  v     ■"  ■^^>»r  '    •  u>   ^      '^-*    •        ;   "^  •      ^    ^  ^  ^  ^  t^ 


/>>/.  1.    nornbUnde  schist  inclosed  in  syenite,  0\mjlint  lake. 

SectiouH  north  of  Gunflint  lake.  Three  sections  were  xnadft 
north  from  the  lake  near  the  centre  of  the  northern  shoOr 
the  object  being  to  discover  what  becomes  of  the  hornblende 
schist  belt  (the  Vermilion  series  of  the  sur\'ey)  that  was  found 
north  of  the  lake  near  its  eastern  end  in  1887.  If  this  belt  con- 
tinues in  the  same  strike  as  there  seen,  it  should  appear  agamin 
Blackily  bay  north  of  the  narrows  of  the  lake;  but  no  trace  of  it 
is  here  found.  The  measurements  in  these  sections  are  onlf 
roughly  estimated,  the  ground  being  too  rough  and  too  mud 
covered  with  underbrush  to  allow  pacing.  The  location  of  the 
observations  is  given  as  accurately  as  possible,  supposing  the 
section  lines  of  the  Minnesota  townships  to  be  extended  to  the 
Canadian  side.  Fig.  2  shows  the  relations  of  this  belt  of  crystal- 
line schists  and  of  the  Kewatin  sLates  to  the  syenitic  gneiss.  For 
the  description  of  this  belt  of  hornblende  schist-s  the  reader  i» 
referred  to  the  sixteenth  annual  report,  pages  68-77,  262-6,  337» 
and  the  map  on  pa^o  255. 

Section  I:  North  from  the  lake  shore  a  little  west  of  the  line 
betw(»eu  sees.  14  and  15,  T.  65-3.  This  would  be  directly  north 
of  the  east  end  of  the  island  in  sec.  15 — the  only  island  in  this 
part  of  the  lake. 

The  first  rock  exposed  is  a  vertical  sericitic  schist,  on  the  lake 
shore ;  it  extends  eivst  and  west  about  200  yards ;  this  is  the 
most  Avesterly,  but  one,  exposure  of  vertical  schists  on  Gnu- 
Hint  lake.  This  rock  is  represented  by  No.  11;  the  exposure 
continues  north  100  f(»et,  and  rises  8  feet  above  the  water.  After 
piussing  a  swamp  250  feet  wide,  a  hill  rises  60  feet  above  the 
lake ;  this  hill  is  composed  of  schist  or  slate  similar  to  No.  11> 
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lofot  it  is  growing  harder  and  more  flinty  (No.  12);  this  hill  is  200 
ibet  across.    Beyond  is  another  swamp  about  200  feet  wide,  and 
then  rises  a  second  ridge,  400  feet  in  width ;  the  first  exposure 
Is  of  a  fine  porphyrelloid  rock  (No.  13)  with  small  crystals  of 
wbite  feldspar;  these  crystals  are  arranged  more  or  less  in  layers 
corresponding  to  the  strike.    The  rest  of  the  hill  is  composed  of 
alternating  beds  of  black  slate  (No.  16)  and  porphyrelloid  rock 
represented  by  No.  13;  the  latter  rock  varies  from  that  in  which 
the  feldspar  crystals  are  quite  conspicuous,  i  inch  or  more  in 
diameter  (No.  14),  to  that  in  which  they  are  quite  small  (No. 
15).    Near  the  top  of  the  hill  and  lying  in  a  small  depression  is 
a  mass  of  dark  trap  (No.  17);  the  contact  between  the  trap  and 
Blate  was  covered  by  soil.    Nearer  still  to  the  top  of  the  hill  ar& 
two  dikes,  one  and  four  feet  in  width;  these  dikes  run  parallel 
With  the  beds  of  slate  and  are  exposed  for  over  20  feet;  in  the 
laiger  are  fragments  of  baked  slate;  and  the  outer  portion  of 
ttita  dike  is  very  much  finer-grained  (No.  18)  than  the  inner 
Qfo.  19);  Nos.  18  and  19  seem  to  be  about  the  same  as  No.  17. 
On  the  sommit  of  the  hill  in  the  porphyrelloid  schist  is  an  elon- 
gated mass  of  a  soft  schistose  rock  (No.  20)  running  N.  70°  W. 
Obg.),  diagonally  across  the  bedding;  this  rock  was  traced  ten 
Ceet  before  disappearing  under  the  soil;  the  schist  is  in  no  wise 
diaoged  near  the  contact,  and  near  by  it  is  bent  around  some 
Smaller  lenticular  masses  of  the  same  rock  (No.  20). 

Going  north  for  the  next  half  mile  the  following  country  i» 
iNUBsed  over: — 

Swamp; — no  exposures. 

Bidge,  about  200  feet  above  the  lake,  composed  of  black  slate 
^ndfine  porphyrelloid  schist.  On  the  north  side  of  this  hill 
Cabbro,  similar  to  that  on  the  lake  shore,  was  found. 

Bock  covered. 

Very  hard  black  slate  (No.  21),contaiuing  specks  of  iron  pyrites; 
also  porphyrelloid  schist. 

Bock  covered. 

Black  slate. 

Chibbro;  contact  with  slate  not  seen. 

Bock  covered. 

Oabbro  represented  by  No.  22. 

Bock  covered  for  50  feet. 

Black  slate,  No.  23;  strike  N.  85°  E.   (Mag.). 

Bock  covered  for  about  150  yards,  and  ground  rapidly  descend- 
ing toward  the  north. 

Vol.  Ill— 20. 
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At  the  foot  of  the  descent  was  a  rather  ooarse  porphyrelloid 
schist  (No.  24)  largely  composed  of  a  soft  mineral,  probably 
sericite. 

Now  comes  a  rather  level,  almost  swampy,  place  with  a  few 
small  hills;  it  extends  for  about  a  third  of  a  mile,  as  follows: — 

Bock  covered;  swamp,  aboat  1,000  feet. 

Black  slate. 

Bock  covered. 

Micaceous  schist  (No.  25);  this  is  probably  in  place. 

Bocks  covered  for  about  300  feet. 

One  hundred  feet  of  a  heavy  black  hornblende  schist;  vertical, 
strike  N.85°  E.  (Mag.).  At  the  south  side  of  this  exposure  the 
rock  is  represented  by  No.  26;  this  seems  to  be  composed  of 
hornblende  with  some  feldspar;  the  schistose  structure  is  very 
pronounced.  This  rock  soon  grades  into  No.  27,  which  is  heavier 
and  has  better  developed  hornblende  crystals;  the  schistose 
■Structure  is  not  very  evident,  except  on  the  weathered  surfaces. 

The  rock  was  now  covered  for  about  200  feet,  and  then  came 
an  exposure  of  a  very  hard,  dark,  fine-grained  mica-schist  iNo. 
28.).  This  exposure  was  20  feet  wide  (N.  and  S.)  and  40  feet 
long;  strike  E.  and  W.  (Mag.);  vertical. 

After  another  swamp,  400  feet  wide,  came  an  exx>osure,  50  feet 
wide,  of  vertical  schist;  this  consistedof  parallel  bandsof  several 
kinds  represented  by  Xos.  29, 30, 31  and  32.  No.  29  is  light  colored, 
composed  mostly  of  feldspar,  which  weathers  pinkish,  and  a  small 
amount  of  mica;  bands  of  this  were  of  all  widths  up  to  one  foot; 
this  rock  made  up  about  one-half  of  the  exposure.  No.  30  is 
darker  and  contains  much  hornblende.  No.  31  contains  still 
more  hornblende;  bands  of  this  and  the  preceding  were  not  over 
six  inches  wide.  No.  32  is  a  very  dark,  fine,  mica-schist;  no 
bands  of  this  over  two  and  a  half  inches  in  width  were  seen. 
Samples  could  be  found  all  the  way  between  No.  29  and  No.  32, 
but  the  outlines  of  the  different  bands  were  very  distinct.  The 
bands  would  often  run  out  to  needle-points  and  disappear. 

Beyond  another  swamp,  about  400  feet  wide,  was  a  small  hill, 
<K)vered  by  soil,  but  on  removing  the  thin  layer  of  soil  the  solid 
rock  was  exposed;  this  rock  (No.  33)  is  composed  of  hornblende 
and  feldspar;  it  is  quite  firm  and  on  fresh  surfaces  appears 
rather  massive,  but  on  the  weathered  surfaces  the  schistose 
structure  is  plainly  seen;  this  schistosity  is  vertical  and  strikes 
N.  85°  E.  (Mag.).  The  rock  contained  a  few  small  areas  in  which 
the  hornblende  seemed  to  be  collected  in  great  quantity. 
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Beyond  the  last  exposure  was  a  swamp  extending  northward; 
no  hills  coald  be  seen  for  three-fourths  of  a  mile. 

Taking  the  sum  of  the  foregoing  distances,  roughly  estimated, 
we  have  a  section,  straight  across  the  strike  of  the  slates  and  schists, 
of  6, 790  feet,  or  somewhat  over  a  mile  and  a  quarter.    This  would 
give  the  belt  of  earthy  schists  and  slates  (Ke  wati  n)  a  width  of  4,810 
^t;  and  the  crystalline  schist  belt  (hornblende  and  mica-schists), 
extending  north  from  No.  26  (No.  25  not  being  included,  as  it 
was  not  positively  determined  to  be  in  place),  would  have  a 
width  of  1,220  feet.     The  width  of  the  latter  belt  is  probably 
greater  than  1,220  feet,  as  the  northern  limit  may  not  have  been 
reached  and  there  are  670  feet  between  the  slates  and  the  south- 
ern outcrop  of  crystalline  schists  where  no  exposures  were  seen. 
Section  II:    This  section  runs  directly  north  from  the  lake, 
and  is  about  three-fourths  of  a  mile  west  of  section  I,  or  very 
near  the  line  between  sees.  15  and  16,  if  this  line  were  extended 
northward  from  the  Minnesota  side.     For  the  first  half  mile 
from  the  lake  there  is  a  well-cut  surveyor's  line. 

At  the  lake  shore  there  are  Animike  slate  fragments,  and  just 
beyond  this  and  15  feet  above  the  water  is  a  ridge  of  gabbro. 
▼hich  is  about  200  feet  across.  A  swamp  extends  for  one-half 
mile  from  the  shore;  beyond  this  swamp  is  about  700  feet  of  dry, 
level  ground  with  no  rock  exposures.  Then  comes  a  low  ridge, 
M  feet  across,  on  which  are  many  granite  l>oulders  and  a  few 
Sabbro  fragments,  but  no  rock  was  seen  in  place.  After  crossing 
MO  feet  of  lower  ground  we  «ime  to  a  small  ridge  of  gneiss  (No. 
^)  composed  of  quartz  and  feldspar,  with  some  hornblende  and 
ft  small  quantity  of  a  light  yellow  minei^al. 

After  passing  over  two  other  small  ridges  of  gneiss  there  comes 
ft  range  of  large  hills  of  the  same  gneiss;  from  the  fii-st  appear- 
ance of  this  rock  to  the  range  of  large  hills  is  about  600  feet.  The 
SneisBic  structure  can  be  plainly  seen  on  the  weathered  surfaces; 
it  is  vertical  and  runs  about  E.  and  W.  (Mag.).  This  range  is 
from  40  to  75  feet  above  the  swamp,  and  extends  eastwardly, — the 
southern  front  being  precipitous  and  running  N.  55°  E.  (Mag.); 
8oath  of  it  is  a  valley  surrounded  by  hills;  the  location  is  shown 
in  Pig.  2. 
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Fig.2.     Skrtrh  shjicinj  th:  relation  of  the  crystalline  schists  (  VermUion  seria)  and  KKKdiin  *'■'■'«« 

to  fhi'  gneiss  north  nf  Giinftint  lake. 

Several  }>i<'c*es  of  micaceous  schist  were  foand  in  this  gneiss; 
they  W(»re  lenticular  in  shape  and  ran  with  the  gneissic  struc- 
ture. The  lar<j:est  piece  of  schist  was  10  feet  long  and  18  inches 
wide,  and  one  end  wjis  irregular  instead  of  running  out  toft 
point:  Xo.  .'55  is  from  this  piece. 

A  short  distance  east  of  the  fii-st  observed  gneiss  is  a  trap  dike, 
20  feet  wid(^  running  X.  83°  E.  (Mag.)  through  the  gneiss  hills; 
this  dike  was  trac<Mi  for  over  200  feet.  The  trap  contained  a  few 
scattered  crystals  of  feldspar,  some  of  which  are  a  quarter  of  an 
inch  long;  this  rock  is  represented  by  Xo.  36.  A  mass,  3  feet  in 
diameter,  of  trap  (piite  rich  in  magnetite  (No.  37)  was  found  in 
this  dike. 
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Soath  of  this  range  of  gneiss  hills  is  another  range  of  hills 
oade  of  Kewatin  slates.  At  the  place  marked  38  in  Fig.  2  the 
lates  dip  northward  about  80°;  the  strike  of  all  the  slates  is  E. 
iiid  W.  (Mag.).  Here  the  slate  (No.  38)  is  interbedded  with 
K>rphyrel  (No,  39).  About  100  feet  east  of  this  the/e  is  a  dike  of 
,  soft  schistose  rock  (No.  40)  running  parallel  with  the  slate  and 
K>rphyrel;  this  dike  is  4  feet  wide  and  was  traced  for  25  feet;  it 
tad  split  and  inclosed  a  mass  of  the  porphyrel  (No.  42)  which 
eems  to  have  been  changed  by  heat;  the  porphyrel  at  the  con 
act  has  the  same  appearance  as  the  inclosed  mass.  A  part  of 
he  dike  is  much  finer-grained  than  the  rest,  —  this  is  shown  by 
i^o.  41.  This  dike  rock  seems  to  have  changed  to  a  micaceous 
.chist;  the  schistose  structure  runs  with  the  length  of  the  dike. 

!Ext<ending  from  the  slate  hills  to  the  gneiss  range  are  three 
ow  hills  composed  of  vertical  slate,  on  top  of  which  is  gabbro;  here 
ilie  slate  had  been  somewhat  bent  and  broken,  but  the  general 
(trike  was  E.  and  W.  (Mag. ).  Just  west  of  these  are  two  low  hills 
*anniDg  parallel  with  the  gneiss  range;  near  the  eastern  end  of 
:hese  hills  is  an  exposure  of  vertical  slate,  striking  E.  and  W. 
^Mag.):  and  between  the  two  hills,  and  almost  directly  in  the 
strike  of  the  slate,  is  an  exposure  of  gneiss.  The  last  mentioned 
exposure  of  slate  was  within  100  feet  of  the  gneiss  hills.     (See 

Fifr.  2.) 

Here  we  find  a  range  of  gneiss  hills  directly  in  the  strike  of 
bhe  Kewatin  slates;  and  the  slate  comes  up  to  the  gneiss,  thus 
Leaving  no  room  for  the  belt  of  crystalline  schists;  subsequently 
bhe  crystalline  schists  were  found  a  short  distance  northeast  of 
this  place. 

Section  IH:  About  15°  west  of  north,  from  the  end  of 
Kewatin  bay  (see  map  on  page  255  of  16th  An.  Rep.)  to  the 
gneiss  in  the  N.  W.  \  of  sec.  15. 

Forty  feet  from  the  lake  is  a  hill,  200  feet  wide,  rising  40  feet 
above  the  water;  the  rock  here  is  a  vertical  reddish-weathering 
schist  (No.  47),  striking  N.  80°  E.  (Mag.).  Six  hundred  feet 
beyond  this  is  is  another  hill  300  feet  wide;  this  is  comi)osed  of 
vertical  black  flinty  slate  (No.  48)  which  weathers  whitish;  the 
strike  on  the  south  side  of  the  hill  is  X.  78°  E.  (Mag.),  and  on 
the  north  side  it  is  N.  82°  E.  (Mag.).  After  crossing  a  swamj) 
we  come  to  another  hill  about  half  a  mile  from  the  lake;  here 
is  a  rather  light-colored  sericitic  schist  (No.  49)  striking  N.  85° 
E.  (Mag.).  About  600  feet  beyond  this  is  a  large  mass  of  gabbro 
(No.  50),  very  much  decayed.     And  a  few  rods  further  are  verti- 
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cal  slates  strikiDg  E.  and  W.  (Mag.)*    '^^^'^^  brings  ns  to  the  val- 
ley shown  in  Fig.  2. 

Grossing  over  to  the  gneiss  hills  on  the  north  of  this  valley  and 
following  them  northeast  for  about  1,000  feet,  we  come  to  a  large 
hill  which  is  400  feet  wide  (N,  and  S.);  on  the  western  and  north- 
western sides  of  this  hill  are  numerous  outcrox>s  of  vertical  crys- 
talline schists,  striking  E.  and  W.  (Mag.)«  The  si>ecimen8  col- 
lected here  areXo.  51  to  No.  56;  these  were  found  interbedded 
in  the  same  manner  as  described  in  section  I.  No.  51  is  a  horn- 
blende schist  with  a  large  quantity  of  feldspar.  No.  52  has 
more  hornblende.  No.  53  is  a  fine  dark  mica-schist.  Nos.  54, 
55,  and  56  are  composed  mostly  of  hornblende  which  is  in  quite 
large  crystals.  Directly  west  of  this  hill  of  crystalline  schists 
is  the  gneiss  range,  and  the  outerops  on  the  lower  ridges  of  this 
range  are  within  150  to  200  feet  of  the  crystalline  schists.  One 
hundred  and  fifty  feet  W.  S.-W.  of  51  (Fig.  2)  there  is  an  out- 
crop of  reddish  syenite  (No.  57),  and  40  feet  north  of  No.  57  the 
syenite  is  represented  by  No.  58;  No.  57  does  not  show  any 
decided  gneissic  structure,  but  this  structure  is  very  evident  in 
No.  58;  it  is  vertical  and  runs  N.  85^  E.  (Mag.);  No.  58A  shows 
this  very  well.  Two  hundred  feet  from  the  schists  and  directly 
in  the  strike,  the  gneiss  (No.  59)  is  again  seen;  the  gneiss  of  the 
range  of  hills  at  this  place  is  represented  by  this  specimen. 

The  range  of  gneiss  hills  here  extends  northeastwardly  and 
outcrops  of  gneiss  can  be  seen  for  a  quarter  of  a  mile  in  that 
direction.  The  exact  contact  between  the  schists  and  gneiss^ 
could  not  be  found. 

Later  in  the  summer,  while  at  Gunfiint  lake,  another  trip  wafr 
made  to  the  locality  described  above.  From  the  last  mentioned 
exposure  of  crystalline  schist  I  followed  west  over  the  gneiss 
range  for  nearly  a  mile  and  a  half;  thence  south  half  a  mile,  and 
also  north  for  a  short  distance;  all  the  rock  seen  (there  were 
many  exposures)  was  the  gneiss  with  the  gneissic  structure  ver- 
tical and  running  nearly  E.  and  W.  At  only  one  place  was 
there  any  other  rock  seen;  this  was  about  three-fourths  of  a  mile 
west  of  the  schists;  here  the  gneiss  held  many  small  pieces  of 
dark  homblendic  rock  represented  by  Nos.  170,  171,  and  172. 
No.  170  is  a  dark,  rather  fine  micaceous  schist.  No.  171  is  coarser 
and  shows  no  schistose  structure.  No.  172  is  still  coarse,  have 
large  crystals  of  hornblende;  this  rock  is  very  similar  to  Nos.  27, 
55,  and  56.  All  of  these  specimens  seem  to  be  the  same  as  the 
rock  composing  the  crystalline  schists.     The  pieces  are  mostly 
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iticalar  in  shape,  having  the  long  axis  east  and  west,  but 
me  were  angular;  they  are  collected  quite  thickly  in  a  rather 
itinct  area;  on  one  side  they  disappear  within  ten  inches,  thus 
dang  a  rather  well  defined  line  between  the  patch  holding  the 
reign  pieces  and  the  rest  of  the  gneiss;  the  other  side  of  this 
teh  is  covered  by  soil,  but  15  feet  beyond  the  gneiss  appears 
ain.  The  rock  in  between  the  fragments  contains  no  quartz 
To.  173),  but  this  rock  gradually  passes  into  the  ordinary  gneiss 
To.  174)  which  contains  large  grains  of  quartz.  This  occur- 
noeof  foreign  pieces  in  the  gneiss  much  resembles  the  ^'con- 
omeritic  syenite"  of  Saganaga  lake  described  by  Dr.  Alexan- 
if  Winchell  in  the  sixteenth  annual  report,  pages  219  and  334; 
so  in  the  American  Geologist^  vol.  Ill,  No.  3,  p.  153. 
The  facts  noted  in  these  three  sections  may  be  summarized  as 
Hows: 

The  crystalline  schists  show  no  evidences  of  having  been  twisted 
id  bent, — the  strike  is  quite  constant  and  continues  so  up  to 
ithin  200  feet  of  the  gneiss;  no  outcrops  were  seen  between  this 
id  the  gneiss,  low  ground  intervening.  The  slates  in  one 
aoe  near  the  gneiss  are  somewhat  crumpled,  but  this  is  only 
rashort  distance  and  may  have  been  caused  by  the  gabbro 
hich  is  found  at  thatphice.  The  crystalline  schists  (Vermilion 
iries)  and  the  slates  (Kewatiu)  are  cut  across  by  a  range  of 
^enite  gneiss  hills  which  run  N.  55°  E.  (Mag.).  This  syenite 
«iDS  to  be  the  same  macroscopically  as  that,  into  which  the 
TBtalline  schists  pass  conformably  a  few  miles  further  east, 
he  belt  of  crystalline  schists,  if  continued  in  their  strike  would 
ppear  again,  either  on  Gunflintlake  north  of  the  "narrows"  or 
lithe  boundary  river  flowing  north  from  the  lake;  but  the  schists 
re  not  seen  here;  all  the  rock  seen  for  a  number  of  miles  north 
f  the  line  between  sees.  18  and  19,  T.  65-3,  along  the  lake  and 
iver  shores  (except  a  small  area  on  the  east  side  of  Blackfly 
f^y,  which  is  Animike)  is  syenite,  and  there  is  no  trace  of  the 
Aists,  unless,  perhaps,  it  be  a  very  few  lenticular  pieces  of  horn- 
lende  schist  scattered  in  the  syenite, —  but  these  are  fonnd 
fiewhere  in  the  syenite,  far  removed  from  any  quantity  of 
milar  rock.  From  the  facts  noted  it  seems  that*  the  syenite 
18  been  pushed  over  or  hjis  flowed  over  the  crystalline 
hists,  or  that  there  was  a  fault  running  X.  E.  and  S.  W.  and 
e  schist  beds  on  the  west  side  of  this  line  have  been  pushed 
Qthwestwardly  and  now  lie  under  the  lake,  or  even  further 
nth  than  that.  The  situation  of  the  rocks  as  shown  by  these 
3tionB  is  given  in  Fig.  2. 
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Iron  location  at  Chub  lake.  This  is  in  the  N.  E.  i  of  sec.  29, 
T.  65-4,  and  was  visited  in  1887  (see  sixteenth  annual  report, 
pages  82  to  86).  Since  September,  1887,  there  seems  to  have 
been  no  working  in  the  opening  into  the  blaff  on  the  north  shore 
•of  the  lake;  Xo.  44  is  a  fair  sample  of  the  iron  ore  found  at  this 
place.  A  few  rods  west  of  this  there  is  a  steam  engine  and  a 
large  quantity  of  drill  pipe.  A  diamond  drill  was  worked  here 
<luring  the  winter  of  1887-8  by  Mr.  Millar  of  Grand  Marais.  The 
drill  has  gone  down  through  the  Pewabic  quartzyte  into  the 
greenstone.  A  few  pieces  of  the  drill  core  (No.  45)  were  lying 
about;  all  of  these  seemed  to  l)e  quartzyte,  which  in  some  places 
contained  bands  of  a  dark  mineral,  probably  hornblende. 

First  falls  north  of  Gunflint  lake.  These  falls  are  in  the 
boundary  river  in  the  N.  E.  J  of  N.  E.  i  sec.  13,  T.  65-4.  The 
rock  making  the  falls  is  the  syenite  gneiss  (No.  62)  of  the  region, 
with  the  gneissic  structure  running  No.  80°  E.  (Mag.).  On  the 
Canadian  side  of  the  river  is  a  diabase  dike  running  N.  5°  W. 
(Mag.);  this  is  first  seen  at  the  waters  edge  on  the  upper  (south) 
side  of  the  falls.  The  dike  rock  is  fairly  represented  by  No.  61, 
but  in  some  places  it  is  finer  grained,  as  shown  by  No.  61 
A.     After  running  north  about  50  feet  the  dike  suddenly  ends, 
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but  a  few  feet  east  of  this  it  is  seen  again  and  was  traced  north- 
ward for  about  150  feet;  here  the  rock  contains  more  of  a  yellow- 
ish-green mineral,  as  is  shown  by  No.  63;  and  in  some  places  the 
surface  is  pitted  (shown  by  No.  64)  by  the  decay  of  one  of  the 
mineral  constituents. 

From  this  dike  a  spur,  four  inches  wide,  runs  out  into  the 
syenite  for  four  feet  and  ends  in  a  point  (see  Fig.  3).  Here  is 
apiece  of  the  syenite  in  the  dike;  this  piece  is  eight  feet  long 
and  four  inches  wide;  the  gneissic  structure  is  parallel  to  that  of 
the  syenite  through  which  the  dike  cuts.  There  is  also  a  small 
lenticular  piece  of  syenite  in  the  dike,  but  in  this  the  gneissic 
structure  is  at  right  angles  to  the  other.  A  mass  of  hornblende 
schist  (No.  65)  is  inclosed  in  the  syenite,  and  one  end  of  it  is  in 
contact  with  the  dike,  while  the  other  end  runs  to  a  point;  the 
schistose  structure  runs  with  the  gneissic  structure  of  the  sur- 
rounding rock,  but  at  one  point  (A,  Fig.  3)  it  is  slightly  bent.  By 
the  firmness  with  which  the  piece  of  schist  is  connected  with  the 
syenite  and  by  the  looseness  of  its  joint  with  the  dike  one  con- 
cludes that  the  schist  was  in  the  syenite  before  the  dike  cut  it; 
there  is  no  part  of  the  piece  of  schist  on  the  other  side  of  the 
dike.  Several  other  smaller,  lenticular  pieces  of  hornblende 
schist,  resembling  the  one  above  described  and  in  no  way  con- 
nected with  the  dike,  were  found  in  the  syenite  near  by. 

OGISHKE-MUNCIE  LAKE. 

This  lake  lies  in  sees.  13,  23,  24,  26,  and  27  of  T.  65-6.  The 
geology  of  its  shores  has  been  described  in  the  former  reports  of 
the  survey,  but  a  few  additional  notes  from  one  place  are  here 
given. 

The  place  where  these  notes  were  taken  is  on  the  southeast 
8hoi*e  of  the  lake,  opposite  the  north  end  of  the  small  island 
which  lies  just  north  of  the  narrows  in  sec.  24;  or  in  the  S.  E.  I 
of  N.  E.  i  of  N.  W.  1  see.  24.  At  tlie  water's  edge  is  a  gray 
quartzyte  (No.  76),  probably  the  same  as  the  gray  (juartzyte  in 
the  section  given  on  page  .*571  of  the  fifteentli  annual  rei)ort:  no 
bedding  was  seen  in  this  quartzyte.  A  few  feet  from  the  shore 
are  some  vertical  black  slates  (Xo.  77),  striking  X.  40^  E.  (Mag.); 
the  contact  between  the  slates  and  <[iiartzyti*  was  very  distinct, 
and  in  one  place  the  qnartzyte  extended  acioss  the  strike  of  the 
slates.  On  the  shoj^e  a  few  fui^t  east  of  this  place  tlie  quartzyte 
held  a  bed  of  slate  about  one  foot  wide  and  striking  in  the  same 
direction  as  the  other  slates:  on  one  side  the  slat**  bed  by  graduvil 
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change  passed  into  the  qaartzyte,  while  on  the  other  side  the 
two  were  separated  by  a  sharj)  line.  These  black  slates  contained 
many  siliceons  bands  (shown  in  the  specimens  collected)  which 
sometimes  are  an  inch  in  width.  Xo.  78  is  from  one  of  these 
bands;  this  seems  to  be  a  gritty  ssuidstone  with  some  calcareous 
matter  in  it;  it  ett'ervesces  slightly  with  cold  hydrochloric  acid. 
Going  from  the  lake  these  bands  iucrea^  in  size  and  frequency 
and  the  black  slate  gradually  disappears.  The  rock  then  grades 
through  Nos.  70,  80,  and  81  to  Xo.  82  which  contains  some  quartz 
grains  but  is  chieflj^  made  uj)  of  calcareous  or  dolomitic  matter. 
The  last  four  specimens  were  taken  in  a  distance  of  fifteen  feetj 
the  rock  all  weathered  with  a  vertical  schistase  structure  which 
ran  parallel  to  the  strike  of  the  black  slate, — i.  e.  X.  40*^  R 
(Mag.).  Three  feet  beyond  Xo.  82  the  conglomerate  (Xo.  S3) 
occurred;  the  contact  between  the  two  was  covered;  the  con- 
glomerate seems  to  contain  some  of  the  dolomitic  matter.  The 
distance  from  the  lake  shore  to  the  conglomerate  was  not  more 
than  thirty  feet. 

niRCH   LAKE. 

This  lak(»  extends  through  the  western  part  of  T.  61-11,  and 
the  southern  part  of  T.  <)1-12.     During  the  summer  of  1886  some 
observations  were  made  along  the  Dunka  river  (see  the  fifteenth 
annual  r(*port,  page  340),  but  there  was  not  time  to  visit  the 
high  ridge  south  of  the  lake  in  sees.  7,  8,  and  9,  T.  60-12,  and 
tni(;e  it  eastward  to  the  river;  c»)nse(iuently  the  writer  was 
instructed  to  examine  this  locality.     The  high  ridge,  which  is 
nr.uh^  up  of  syenite,  was  visited  by  Mr.  H.  V.  Winchell,  and  a 
full  a(*<'»>unt  of  it  can  be  found  in  his  report.     The  notes  here 
given  wore  taken  along  the  trail  that  runs  south  from  the  lake. 

The  mouth  of  Dunka  river  is  near  the  centre  of  sec.  33,  T. 
61-12:  the  river  is  canoeable  for  about  half  a  mile  from  the  mouth; 
at  the  first  rapids  there  is  a  trail  running  south.  This  trail 
crosses  the  river  in  t\ut  S.  W.  I  of  sec.  10,  T.  60-12;  here  the 
river  flows  over  gabbro  (Xo.  117)  which  contains  some  biotite. 
In  one  small  area  (about  ten  feet  square)  on  the  surface  of  the 
gabbro  there  are  numerous,  narrow  dark  bands;  these  are 
brought  out  very  plainly  bj^  unequal  weathering.  The  bands  are 
paralleland  vertical, runningX.  3r»°  W.(Mag.).  Nos.  118and  118A 
show  these  bands;  the  latter  specimen  was  taken  from  a  loose 
piece.  Al)out  half  a  mile  south  of  this  place  are  many  gabbro 
fragments  (Xo.  119)  which  evidently  came  from  rock  in  place 
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near  by.  At  the  next  crossing  (8.  W.  i  of  N.  E.  k  sec.  15)  there 
are  also  some  large  gabbro  fragments  (No.  120).  The  river  at 
this  place  flows  through  a  swamp  and  no  rock  is  exposed. 
Between  the  two  crossings  the  trail  is  in  many  places  covered 
with  iallen  trees  and  is  difficult  to  follow. 

Just  west  of  the  crossing  in  sec.  10  there  is  a  low  drift  ridge; 
this  runs  a  little  south  of  west;  it  was  followed  one-fourth  of  a 
mile,  where  it  turns  more  to  the  south  and  seems  to  disappear. 
A  swamp  extends  westward  from  this  hill,  and  about  lialf  a  mile 
west  of  the  crossing  there  is  a  low  ridge,  ten  feet  high  and  300 
feet  long,  running  N.  20°  B.  This  ridge  is  composed  of  a  dark 
heavy  quartzyte  with  bands  of  nmgnetite;  the  banding  is  quite 
regular  and  parallel  and  gives  the  rock  a  decidedly  bedded 
appearance.  The  ridge  runs  with  the  strike  of  the  quartzyte. 
The  dip  is  S.  20''  E.  at  an  angle  of  about  30°  (the  direction  of 
the  dip  is  only  estimated,  as  the  needle  was  much  disturbed). 
The  specimens  collected  here  are  Xo.  115.  This  rock  is  i>robably 
the  same  as  the  olivinitic  iron  (Xo.  IKI)  found  on  the  trail  in 
the  X.W.  i  of  sec.  10  and  mentioned  on  page  341  of  the  fifteenth 
annual  repoit.  What  I  have  spoken  of  jus  a  quartzyte  is  proba- 
bly composed  largely  of  olivine.  The  rock  is  a  part  of  tlie 
Animike  fornmtion. 

KAWLSHIWI    RIVKK. 

In  T.  63-0.  From  the  little  bay  in  tlie  S.  W.  ]  of  S.  E.  1  sec. 
15,  T.  63-0  there  is  a  trail  running  nortln.'iust  to  the  quarter  post 
between  sees.  14  and  15.  On  the  shore  the  ordinary  irabbro 
(Xo.  132)  was  found;  it  here  held  a  few  grains  of  magnetite.  A 
quarter  of  a  mile  from  the  shore  the  trail  crosses  several  small 
exposures  of  iron  ore;  these  arc  surrounded  by  the  gabbro;  the 
ore  is  magnetite  represented  by  Xo.  133,  which  was  taken  from 
the  first  of  the.se  ore  exposures. 

About sixty^  yards  northwest  of  the  qusirter  post  between  sees. 
14  and  15  is  a  hill  composed  of  a  fine-grained  rock  (Xo.  134), 
which  seems  to  be  what  the  survey  hits  ealle<l  '*  muscovado." 
The  east  side  of  the  hill  is  ratln^r  steep  and  here  is  some  more  of 
the  magnetite  (3i"o.  135);  this  simmiis  to  lie  under  the  muscovado, 
as  it  is  exposed  all  along  the  base  of  the  hill  (al)out  250  feet)  and 
just  above  and  within  ten  feet  of  it  the  muscovado  occurs  in 
place.  The  contact  between  the  two  wa,s  not  found.  This  out- 
crop of  ore  seems  to  be  almost  pure  magnetite,  but  it  occurs  in 
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the  gabbro  and  very  probably  contains  quite  a  large  per  cent  of 
titanium,  as  all  the  gabbro  ores  do,  and  so  would  be  company 
tively  worthless.  The  ore  is  exposed  for  about  250  feet  and  the 
exposure  is  t^u  feet  high;  the  iron  seems  to  extend  under  the 
hill  indefinitely.  The  specimens  collected  fairly  represent  this 
ore. 

Ailer  reaching  the  quarter  post  between  sees.  14  and  15  the 
trail  runs  north  on  the  section  line  to  the  northwest  corner  of 
sec.  14  and  then  east  one  mile,  and  then  north  on  the  line  between 
sees.  11  and  12  to  Snowbank  lake.  There  are  numerous  expos- 
ures of  rock,  but  it  is  all  the  ordinary  gabbro.  At  one  place  a 
few  small  pieces  of  magnetite  were  seen  in  the  gabbro.  Iron  was 
reported  just  west  of  the  quarter  post  between  sees.  11  and  12, 
but  after  search  in  this  locality  none  was  discovered. 

Mr.  Wm.  Diarmid  who  has  a  claim  in  the  N.  1  of  S.  W.  i  sec 
3,  T.  G3-9,  says  that  there  is  an  outcrop  of  magnetite  in  the  gab- 
bro near  the  quarter  post  between  sees.  13  and  14,  T.  63-9;  also 
one  in  the  S.  E.  l  of  sec.  7,  T.  G3-S.  He  also  mentioned  outcrops 
of  jasper  in  the  X.  E.  i  of  sec.  8,  T.  63-9  and  in  the  K  W.  i  of 
sec.  4.  These  localities  were  not  visited  by  the  writer,  but  Mr. 
H.  y.  Winchell  examined  the  jasper  in  T.  63-9  later  in  the  sea- 
son. 

South  of  MishiwWiiici  lake.  The  Indians  apply  this  name  to 
the  lake,  which  the  survey  called  Bald  Eagle  lake  in  the  fifteenth 
annual  report;  the  lake  lies  mostly  in  sees.  25,  26,  and  36  of  T 
62-10.  A  rivor  flows  into  the  southeastern  corner  of  the  lake, 
and  about  a  mile  from  the  mouth  of  the  river,  or  in  the  N.  W.  1 
of  sec.  5,  T.  61-9,  there  is  a  stream  flowing  into  the  river  from 
the  south;  this  stream  is  canoeable  for  about  a  mile  and  a  half 
On  the  right  bank  of  the  stream  and  an  eighth  of  a  mile  south 
of  its  mouth  is  a  hill  of  gabbro,  which  appears  to  be  the  west  end 
of  a  low  ridge  running  ejust  and  west.  This  gabbro  (Xo.  136)  has 
a  gneissic  structure,  which  is  vertical  and  runs  N.  15°  W.  (Mag.)« 
making  the  rock  break  more  readily  in  this  direction  than  in 
anj'  other.  Tn  some  places  the  gabbro  lies  in  horizontal  beds 
from  two  to  four  inches  thick.  The  rock  seems  to  be  almost 
entin^ly  composed  of  a  feldspar  (probably  labradorite)  and  a 
mineral  whieli  is  probably  olivine;  this,  when  not  decayed,  is  of 
a  yellowish  green  color,  but  itJS  hardness  is  below  6.  A  few  rods 
further  south,  on  the  left  bank  of  the  stream  is  a  small  hill  of  the 
soiiu*  gahhro  showing  the  gneissic  structure  running  in  the  same 
direction,  —  i.  o.  X.  15^  W.  (Mag.). 
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About  a  third  of  a  mile  soath  of  the  last  mentioned  hill  is 
another  gabbro  hill  on  the  left  bank  of  the  stream.  The  rock 
here  is  similar  in  composition  to  that  above  described,  but  is 
ooarser  grained  and  does  not  have  the  gneissic  strnctare  seen  in 
the  other;  but  many  of  the  weathered  surfaces  have  a  peculiar 
banding,  which  is  caused  by  the  feldspar  crystals  being  aggre- 
gated in  certain  lines  that  are  vertical  and  run  N.  10°  W.  (Mag.)- 
No.  138  is  a  fair  sample  of  the  gabbro  from  this  locality,  while  No^ 
137  shows  the  banding.  The  olivine,  as  it  decays,  loses  its  yellowish- 
green  color  and  becomes  darker  (sometimes  having  a  deep  red  color, 
like  garnet)  until  on  the  weathered  surface  of  the  rock  it  appears 
as-  rusty  spots.  The  decay  of  the  olivine  causes  the  rock  to 
crumble  and  be  easily  shattered.  From  this  hill  a  higher  range, 
running  east  and  west,  could  be  seen  about  ten  miles  to  the 
south. 

A  mile  and  a  half  from  its  mouth  the  stream  narrows  and 
rapids  soon  occur;  here  is  a  poor,  not  recently  used,  portage  on 
the  left  side  of  the  stream;  beyond  this  portage  the  stream  is 
crossed  by  many  fallen  logs,  so  we  went  no  further. 

About  a  mile  and  a  half  south  of  this  place  the  low  rounded 
hills,  a  form  common  to  a  gabbro  country,  seem  to  be. collected 
into  a  low  range  that  runs  east  and  west.  The  country  south  of 
Mishiwishiwi  lake  has  been  burnt  and  is  now  partially  covered 
by  small  poplars  and  birches,  although  many  of  the  hills  are 
treeless. 

The  small  lake  in  sec,  32,  T,  63-10.  A  small  island  near  the 
southern  shore  of  this  lake  is  composed  of  a  red  syenitic  gneiss 
(No.  139),  the  gneissic  structure  being  very  easily  seen  on  the 
weathered  surfaces  and  running  N.  50°  E.  (Mag.)-  A  little 
north  of  this  is  another  island  composed  of  about  the  same 
syenite,  but  this  (Xo.  140)  does  not  show  the  gneissic  structure. 
These  islands  are  in  the  X.  B.  1  of  S.  W.  i  sec.  32.  On  the 
west  side  of  the  little  bay,  which  is  in  the  N.  W.  1  of  X.  W.  \ 
see.  32,  the  syenite  is  lighter  colored  and  has  large  crystals  of 
hornblende  as  shown  by  Xo.  141.  At  the  portage,  in  the  X.  E. 
k  of  N.  E  J  sec.  31  there  is  a  light  gray  gneiss  (Xo.  142)  with 
the  gneissic  structure  running  X.  60°  E.  (Mag.);  this  gneiss 
holds  pieces  of  a  darker  rock  (Xo.  143),  and  seems  to  be  mixed 
in  with  a  mica  schist  and  a  hornblende  schist  a  few  feet  south  of 
the  portage.  On  a  little  point,  near  where  the  line  between 
sees.  31  and  32  crosses  the  southern  shore  of  the  lake,  there  is 
red  syenite  like  Xo.  139.    There  was  not  time  to  examine  the 
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whole  lake,  but  the  shores  seemed  to  be  made  up  of  syenite,  of 
which  No.  140  is  a  fair  sample. 

Mr.  H.  V.  Winchell  found  the  rock  on  the  southern  (!)  shore 
of  this  lake  to  be  a  dark  hornblende  rock  (No.  144),  which  grades 
into  the  ordinary  syenite  through  No.  145  and  No.  146. 

LAKE  ISABELLE.* 

This  lake  lies  in  sees.  25,  35,  and  36  of  T.  62-8  and  sees.  30  and 
31  of  T.  62-7.      • 

On  the  west  shore  of  the  little  bay  in  the  S.  W.  \  of  N.  W.  i  of 
sec.  35,  the  gabbro  is  composed  principally  of  labradorite  with 
a  small  amount  of  a  gliissy  yellow  mineral  (probably  olivine)  and 
magnetite,  which  seems  to  cause  the  rusty  spots  near  the  surface 
of  the  rock;  a  few  scales  of  biotite  are  also  present;  this  gabbro 
is  represented  by  No.  147.  A  few  rods  further  north  there  is  an 
irregular  vein  of  granulyte.  (No.  148)  in  the  gabbro;  the  vein  is 
eight  inches  wide;  one  of  the  specimens  collected  shows  both  the 
vein  rock  and  the  gabbro;  in  the  vein  rock  there  are  a  few  scat- 
tered scales  of  biotite. 

On  the  west  side  of  the  larger  bay,  which  is  in  the  J?^.  W.  i  of 
sec.  35,  there  is  a  perpendicular  cliff  (5  to  15  feet  high)  of  gabbro 
(No.  149;  that  is  coarser  grained  and  contains  considerable  oli- 
vine, but  some  of  this  yellow  color  may  be  due  to  a  decayed  con- 
dition of  the  labradorite.  At  the  head  of  this  bay,  gabbro  simi- 
lar to  No.  149  occurs. 

On  the  shore  in  the  S.  W  \  of  N.  E.  J  sec.  35  there  is  a  dark, 
he^vy,  fine-grained  trap  rock  (No.  150)  which  gives  a  metallic 
ring  when  struck  by  the  hammer;  this  grades  into  No.  151  which 
is  coarser.  A  few  rods  bjick  from  the  shore  Nos.  152  and  153 
were  found  in  low  outcrops;  these  seem  to  be  but  different  con- 
ditions of  No.  150.  No.  152  contains  considerable  magnetite.  A 
little  further  north  on  the  shore  this  rock  contains  small  patches 
of  biotite,  as  shown  by  Nos.  154  and  155,  the  latter  being  a  de- 
cayed condition  of  the  former.  These  gnwie  into  No.  156  which 
is  coai-ser.  On  the  shore,  a  few  steps  north  of  No.  156,  this  rock 
(trap)  is  found  in  contact  with  the  gabbro  (N.  i  of  N.  E.  J  sec 
35):  the  line  of  contact  was  not  always  distinct  and  in  some 
places,  as  near  as  could  be  determined  from  the  smooth- weathered 
surface,  the  transition  from  one  rock  to  the  other  occupied  two 


*0nly  the  north  shore  of  thin  lake  Is  here  described ;  for  the  description  of  the  reit  of  tbi 
lake,  aud  also  of  most  of  the  countrj  betweon  here  and  lake  Superior  (this  lake  and  the  two  fol' 
lowing  being  the  only  uues  here  mentioned),  con<(iilt  the  report  of  Mr.  II.  V.  WinchelL 
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or  three  inches.    No.  157  represents  the  trap  near  the  contact 
with  the  gabbro. 

The  rest  of  the  north  shore  of  the  lake  has  many  gabbro  out- 
crops; for  long  distances  there  are  smooth,  flat  exposures  of 
gabbro  rising  but  a  few  inches  above  the  water  and  extending 
back  for  several  yards  from  the  shore.  Three  dikes  are  found 
catting  the  gabbro.  The  first  is  in  the  N.  E.  1  of  N.  E.  i  sec. 
35;  this  dike  is  twenty  inches  wide  and  was  traced  for  over  sixty 
feet;  it  runs  N.  30°  W.  (Mag.);  the  rock  is.  a  very  fine  diabase 
(No.  158);  the  contact  with  the  gabbro  is  distinct.  This  dike 
occurs  only  a  few  rods  north  of  the  contact  mentioned,  about 
t«n  lines  above.  The  second  dike  is  in  the  S.  W.  \  of  sec.  30,  T. 
62-7,  is  twenty  feet  wide,  and  could  be  traced  only  twenty-five 
feet,  as  the  water  covered  it  on  one  end  and  the  soil  on  the  other; 
the  rock  is  diabase  and  is  represented  by  No.  159,  which  was 
taken  from  the  centre  of  the  dike,  and  by  Xo.  160,  which  was 
taken  from  one  side  (only  one  side  of  the  dike  was  finely  crystal- 
line); No.  160  appears  to  be  the  same  as  No.  158;  the  contact 
is  distinct.  The  third  dike  is  in  the  W.  i  of  sec.  31,  T.  62-7  and 
is  composed  of  a  fine  diabase  represented  by  No.  161;  this  dike 
is  fourteen  inches  wide  and  can  be  traced  only  a  few  feet. 

BELLISSIMA   LAKE. 

This  lake  lies  in  the  southeastern  corner  of  T,  61-7.  The 
north  shore  was  examined  by  the  writer.  The  shore  is  usually 
lined  with  boulders,  most  of  which  are  large  gabbro  boulders, 
the  others  are  smaller  and  apparently  come  from  the  drift;  some 
of  the  latter  are  probably  from  Cupriferous  rocks.  Wherever 
the  rock  was  exposed  it  was  found  to  be  very  coarse  labradorite 
gabbro,  as  shown  by  No.  162,  which  was  obtained  on  the  shore, 
about  half  a  mile  east  of  the  west  end  of  the  lake.  The  north 
shore  was  low  and  there  were  no  hills  near  the  lake.  No  glacial 
Btriff!  were  seen. 

PIXE  LAKE. 

This  lake  lies  in  the  S.  W.  i  of  sec.  21  and  in  the  N.  W.  i  of 
sec  28,  T.  60-6. 

On  the  north  shore,  about  one- fourth  mile  east  of  the  portage 
from  lake  Harriet  (just  west  of  Pine  lake),  is  a  low  rock  out- 
crop at  the  water's  edge;  this  outcrop  is  about  twenty  feet  square. 
The  rock  is  of  three  kinds;  (1)  a  gray  rock  (No.  163)  composed 
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mainly  of  a  gray  feldspar;  (2)  a  red  rock  (No.  164)  made  up  of 
quartz  and  red  feldspar;  (3)  a  very  fine  dark  trap  (No.  165)  hold- 
ing crystals  of  red  feldspar.  No.  164 A  shows  a  darker  and  more 
siliceons  condition  of  No.  164.  Nos.  164  and  165  are  very  mach 
mixed,  each  containing  pieces  of  the  other  (see  Nos.  164, 165, 165 
A,  and  165B).  No.  163  is  not  found  mixed  with  the  others,  but 
it  contain^a  few  small  pieces  of  adark  siliceous  rock  as  shown  by 
No.  163A.  No.  163B  is  intermediate  between  No.  163  and  No. 
164.  The  dark  trap  much  resembles  some  of  the  trap  of  the 
Cupriferous;  it  is  split  by  numerous  parallel  planes  that  are  ver- 
tical and  run  N.  5^  W.  (Mag.);  these  are  shown  by  the  speci- 
mens. 

A  diabasic  rock  (No.  166)  outcrox>s  on  the  east  shore  near  the 
southern  end  of  the  lake;  it  holds  a  few  scattering  crystals  of 
feldspar  which  are  sometimes  nearly  an  inch  long.  This  outcrop 
and  the  one  mentioned  above  are  the  only  two  outcrops  on  the 
north  and  east  shores  of  the  lake. 

Mr.  H.  V.  Winchell  reports  several  outcrops  of  fine  diabase  on 
the  west  shore  of  the  lake;  Nos.  167,  168,  and  169  represent  this; 
they  seem  to  differ  only  in  fineness,  and  all  of  them  are  much 
finer  than  that  from  the  east  shore. 

The  notes  from  Mayhew  to  Flying  Cloud  lake  (inclusive)  were 
taken  on  a  trip  from  Gunflint  lake  south  to  Brul6  lake  and  then 
north  and  west  through  townships  63-4, 64-4, 65-4, 65-5,  and  65-6 
to  Ogishke-Muncie  lake.  The  object  of  this  trip  was  to  examine 
reported  iron  ore  locations,  most  of  which  were  not  found  as  re- 
poi-ted, —  there  usually  being  no  ore  to  be  seen.  The  country 
passed  over  is  one  not  usually  traveled  by  white  men  and  is 
seldom  used  by  Indians  except  in  winter;  consequently  the 
portages  are  very  poor  and  badly  cut,  it  oftentimes  being  neces- 
sary to  go  ahead  and  recut  a  portage  before  the  canoe  could  be 
taken  across.  This  fact,  together  with  the  fact  that  the  township 
plats  were  very  inaccurate,  caused  much  unavoidable  delay  and 
waste  of  time.  There  are,  however,  some  fair  portages;  those 
from  Gaskanas  lake  to  Brul6  lake  are  quite  good,  and  the  pot- 
tages from  lake  Ida  Belle  north  to  the  lake  in  the  S.  W.  \  of 
sec.  35,  T.  65-4  are  wide  and  well  cut  out,  being  used  as  winter 
roads  by  the  Indians. 

Several  of  the  lakes  on  this  trip  were  given  names,  as  they 
have  none  on  the  township  plats  nor  on  any  of  the  maps  acces- 
sible. It  must  be  admitted  that  this  is  rather  a  bad  principle  to 
follow,  the  right  way  being  to  give  them  the  names  by  which 
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J  are  known  to  the  native  Indians  or,  better  still,  to  give  the 
Clish  equivalents  of  the  Indian  names;  but,  as  the  Indian 
les  were  not  obtained,  it  was  thought  best  to  have  some  name 
which  each  lake  could  be  known.  The  lakes  thus  named  are 
light,  Meed's,  Stray,  Sham,  Lost,  (Georgia,  Surveyor's, 
md,  Ida  Belle,  Narrow,  Bound,  and  Draper  lakes. 

MAYHEW  LAKE. 

layhew  lake  is  a  narrow  strip  of  water,  about  one-fourth  of  a 
e  wide  and  a  mile  long,  extending  east  and  west  through  the 
th  half  of  sec.  36,  T.  65-3.  It  is  305  feet  above  Gunflint  lake, 
'ough,  steep  portage  runs  from  Loon  lake  to  Mayhew  lake. 
*he  ordinary  labradorite  gabbro  (No.  175)  is  seen  on  the 
th  shore  in  S.  W.  \  of  S.  E.  i  sec.  36.  On  the  end  of  the  little 
nt,  which  is  in  the  S.  E.  J  of  S.  E.  \  sec.  36,  the  gabbro  (No. 
)  has  changed  somewhat,  and  on  the  south  side  of  this  point 
arrounds  a  large  mass  of  iron  ore.  This  ore  (No.  177)  seems 
)e  principally  magnetite,  with  a  little  scattering  feldspar,  but, 
t  is  in  the  gabbro,  it  very  probably  contains  a  considerable 
3nnt  of  titanium.  The  exposure  of  ore  was  30  feet  wide  and 
ended  for  about  300  feet  along  the  shore,  rising  15  feet  above 
water.  The  contact  between  the  ore  and  gabbro  was  found 
>ne  place;  here  the  gabbro  does  not  pass  into  the  iron  ore  by 
idually  acquiring  more  magnetite,  but  there  is  a  sharp  and 
:inct  line  between  the  two. 

^ere  is  a  trail,  on  the  town  line,  running  south  from  the  lake; 
\  trail  was  followed  nearly  three-quarters  of  a  mile,  and  sev- 
L  gabbro  ridges,  running  es&t  and  west,  were  crossed;  the 
»bro  is  much  decayed  and  is  nearly  half  made  up  of  magnetite 
).  178).  From  the  town  corner  (T.  65-2,  65-3,  64-2,  and  64-3) 
rail  runs  west  along  the  line  between  townships  64  and  63. 
out  a  quarter  of  a  mile  west  of  the  corner,  and  just  south  of 
line,  there  is  a  small  lake;  here  were  seen  many  fresh  beaver 
Lwings.  Gabbro  was  the  only  rock  seen  on  this  trail  (it  was 
owed  no  further  than  the  small  lake  mentioned  above). 

IRON  LAKE. 

liis  lake  is  a  narrow  body  of  water  extending  through  the 
th  half  of  sees.  31, 32,  and  33  of  T.  65-2.  It  is  the  same  hight 
tfayhew  lake,  and  the  two  are  connected  by  a  narrow  strip  of 
TbTj  60  or  more  feet  in  width. 

VoL  in.— 22. 
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The  point,  which  is  crossed  by  the  line  between  sees.  31  and 
32,  also  the  north  shore  of  the  lake  in  the  south  half  of  sec  32, 
were  examined  in  order  to  see  the  iron  ore  at  these  places.  (This 
lake  was  described  in  the  tenth  annual  report,  page  80.)  The 
point  was  crossed  twice  west  of  the  section  line  and  once  east  of 
it,  but  no  ore  was  found  except  a  seam  of  magnetite  (containing 
a  little  feldspar)  eight  inches  wide  and  twelve  feet  long,  and  a 
few  small  miisses  (Xo.  179)  of  the  same  in  the  gabbro.  A  low 
ridge  of  gabbro  runs  along  the  southern  shore  of  this  point,  and 
in  this  ridge  the  magnetite  was  found.  The  gabbro  is,  in  places, 
quit«  rich  in  magnetite;  this  is  shown  by  No.  180,  which  was  taken 
near  the  section  line.  Four  sections  of  a  quarter  of  a  mile  each 
were  made  north  of  the  lake  in  sec.  32,  but  no  ore  was  fonnd. 
The  rock  wiis  all  gabbro,  and  none  of  it  contained  as  much  iroo 
as  Xo.  ISO.  The  shores  of  Iron  lake  are  usually  lined  with 
gabbro. 

PORTAGE  LAKE. 

Portage  lake  is  mostly  in  the  north  half  of  sec  4,  T.  64-2,  bnt 
an  arm  extends  oast  for  half  a  mile  in  sec.  5,  and  the  line 
between  T.  M  and  65  crosses  the  northern  part  of  the  lake,  mak- 
ing a  small  portion  of  it  in  sec.  33,  T.  65-2.  It  is  25  feet  above 
Iron  and  Mayhew  lakes. 

In  the  S.  E.  1  of  X.  W.  i  sec.  4,  on  the  shore,  is  an  exposure 
of  a  line  *' muscovado'*  (Xo.  181):  one  of  the  specimens  collected 
shows  a  pori)hyritic  crystal  wliieh  is  probably  labradorite.   The 
relation  of  this  rock  to  the  gabbro  could  not  be  found  at  this 
place.     On  the  south  shore,   in  the  X.   E.  i  of  X.  E.  1  secJ* 
there  is  an  t»xposure  whore  the  gabbro  and   *' muscovado*-  were 
found  to^ttlier.     The  former  held  sevenil  large  masses  of  the 
latter  roek  that  looked  like  dikes,  but  they  could  not  be  traced 
far  enough  to  (let t-r mine  that  they  were  dikes.     There  was  one 
lenticular  piece  of  *•  muscovado*'  (15  inches  long)  in  the  gabbro* 
and  in  places  the  gabbro  held  pieces  of  the  other  rocks  in  which 
were  small  bits  of  the  gabbro.     The  bottom  of  the  exposure  wa^ 
entirely  of  t^abhro.     It  could  not  be  positively  ascertained  which 
was  the  older  of  the  two  rocks,  but  the  *' muscovado''  seems  to 
hav*'  broken  u]>  through  the  gabbro. 

On  tht'  south  shore,  in  the  X\  W.  }  of  X.  W.  i  sec.  3,  the 
gabbro  is  in  distinct  beds  from  two  to  eight  inches  thick  and 
dipping  south  about  30  .  This  bedded  structure,  dipping  i^ 
the  same  direction  and  at  about  the  same  angle,   was  noticed 
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1  times,  bat  at  no  other  place  were  the  beds  as  thin  and  as 
St  as  here.    The  gabbro  was  seen  at  several  other  places 
soath  shore  of  the  lake. 

POPLAB  LAKE. 

s  lake  lies  mostly  in  sees.  1  and  12  of  T.  64-2  and  sees.  7 
of  T.  64-1;  a  small  portion  is  in  sec.  6,  T.  64-1,  and  a 
vr  bay  extends  into  the  S.  £.  i  of  sec.  2,  T.  64-2.  It  is  20 
slow  Portage  lake.  A  portage  leads  from  the  east  arm  of 
ge  lake  to  the  extreme  northwestern  point  of  Poplar  lake; 
ail  is  rather  plain  at  the  western  end,  but  at  the  other  end 
is  almost  no  trail  at  all.  No  one  seems  to  have  been  over 
ortage  for  two  or  three  years.  No  portage  could  be  found 
ig  to  Duck  lake  (a  small  lake  in  the  eastern  part  of  sec.  3, 
-2)  mentioned  by  N.  H.  Wiuchell  in  the  tenth  annual 
t,  page  79. 

bbro  was  seen  in  several  places  on  the  portage  from  Portage 
On  the  little  point  in  the  N.  W.  }  of  N.  E.  i  of  N.  W.  i 
2,  T.  64-2,  the  gabbro  is  finer  than  is  usually  found.  At 
)lace  it  varied  from  No.  182  to  No.  183;  the  former  shows  a 
sic  arrangement  of  the  minerals,  but  this  is  not  constant, 
he  shore  in  the  S.  E.  k  of  N.  B.  i  sec.  12  the  gabbro  (No. 
has  the  labradorite  collected  together  in  spots,  but  this 
grades  into  the  ordinary  gabbro. 

STRAIGHT  LAKE. 

is  is  a  small,  narrow  lake,  half  a  mile  long  and  100  yards 
,  extending  northwest  and  south  etist  in  the  S.  W.  }  of  sec. 
d  the  N.  W.  1  of  sec.  18,  T.  64-1.  It  is  25  feet  below  Pop- 
kke  and  is  not  shown  on  the  township  plat.  The  portage 
3  from  Poplar  lake  on  the  range  line  and  runs  a  little  east 
ath;  it  is  about  one-fourth  mile  long.  Gabbro  was  seen  on 
K)rtage. 

CARIBOU   LAKE. 

ribou  lake  is  in  sec.  18,  T.  G4-1  and  sec.  13,  T.  64-2.  It  is 
Bet  below  Straight  lake.  The  portage  from  the  latter  lake 
loarter  of  a  mile  long.  Gabbro  occurs  on  Caribou  lake  at  the 
ige  and  was  also  noticed  in  several  places  along  the  north 
i.  There  is  a  claim  cabin  in  the  S.  W.  1  of  N.  E.  \  sec.  13, 
t-2,  probably  built  within  the  last  year,  and  from  this  cabin 
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a  lioe  ran  north  for  one-fonrth  mile;  no  rook  was  foand  except 
some  gabbro  at  the  north  end  of  this  line.  The  south  and  west 
shores  and  some  of  the  islands  of  this  lake  have  not  been  barnt, 
bnt  all  the  country  passed  through  since  leaving  Loon  lake  was 
burnt  a  number  of  years  ago  and  is  now  covered  with  a  not  very 
dense  growth  of  poplars  and  birches,  usually  not  more  than  25 
feet  high. 

meed's  lake. 

Meed^s  lake  is  less  than  half  a  mile  wide,  and  extends  through 
the  northern  part  of  sees.  14  and  15  into  sees.  13  and  16  of  T. 
64-2.  It  is  10  feet  above  Caribou  lake.  The  timber  along  the 
shores  is  very  dense,  composed  mostly  of  spruce,  and  extends 
down  to  the  water's  edge.  No  portage  could  be  found  from  Cari- 
bou lake  to  this  lake,  so  it  was  necessary  to  portage  up  the  creek 
bed  (S.  E.  1  of  X.  W.  \  sec  13,  T.  64-2)  for  100  yards,  where  the 
creek  widens  into  a  pond,  and  from  the  west  end  of  this  pond 
200  yards  more  to  Meed's  lake.  There  is  no  high  land  to  be  seen 
from  this  lake  except  a  hill,  90  feet  above  the  water,  in  the  N. 
E.  i  of  X.  W.  1  sec.  15. 

On  the  geological  map  in  the  fifteenth  annual  report  iron  ore 
is  marked  all  along  the  north  shore  of  this  lake,  but,  after  care- 
ful search,  none  wa.s  found.  The  north  shore  of  the  lake  was 
examined  and  no  rock  was  seen  except  several  outcrops  of  gab- 
bro. Several  trips  were  made  north  from  the  shore,  as  follows: 
(1)  One-fourth  mile  north,  a  little  west  of  the  centre  of  sec.  15; 
a  hill  of  gabbro  (Xo.  185),  mentioned  above,  was  the  only  rock 
found.  (2)  Mr.  Meeds  went  more  than  half  a  mile  north  about 
one-fourth  mile  west  of  the  line  between  sees.  14  and  15;  he 
reported  several  outcrops  of  gabbro.  (3)  One-half  mile  north 
from  the  littlebay  which  extends  into  the.S.  W. }  of  S.W.  I  sec.  11; 
no  rock  found  in  place  except  a  little  gabbro  at  the  shoi-e.  (4) 
From  the  east  side  of  this  little  bay  where  the  line  between  sees. 
11  and  14  crosses  the  shore,  northeast  one-third  mile,  and  then 
south  to  the  lake  shore.  Several  low  ridges  of  gabbro,  running 
east  and  west,  were  crossed.  On  the  way  south  to  the  lake  a 
small  exposure  of  almost  flat-lying  (dipping  S.  4^),  bedded  rock 
was  found.  This  exposure  was  not  more  than  six  feet  across; 
the  rock  is  similar  to  some  of  the  Animike  beds  of  Ounflint  lake 
and  vicinity.  One  specimen  (Xo.  186)  was  collected;  this  has  a 
structure  somewhat  resembling  oolite;  pieces  of  this  are  quite 
common  on  the  beaches  of  Gunflint  lake.    The  rock  is  nudoubt- 
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«dl7  Animike,  but  I  was  anable  to  determine  whether  it  was  in 
place.  Search  was  made  for  more  of  this  rock,  bat  none  was 
fonnd. 

NORTH  BRULK  LAKE. 

There  is  a  portage  starting  from  Caribou  lake  a  little  west  of 
the  line  between  ranges  1  and  2  and  running  south  a  quarter  of 
a  mile  to  the  northwestern  arm  of  North  Brul^  lake.  North 
Bnil6  lake  is  a  very  irregular  body  of  water  lying  in  sees.  19, 
20  and  29  of  T.  64-1  and  see.  24  of  T.  64-2.  It  is  20  feet  below 
Caribou  lake.  Only  that  part  of  the  northwestern  arm  lying  in 
the  N.  E.  \  of  sec  24,  T.  64-2,  was  examined;  here  gabbro  was 
neen  in  two  outcrops.  The  shore  has  not  been  burnt  and  is  cov- 
ered mostly  by  spruce  and  cedar. 

STRAY  LAKE. 

This  lake  is  long  and  narrow;  it  lies  in  the  north  half  of  sec. 
24,  T.  64-2  and  extends  nearly  half  a  mile  into  sec.  23.  It  is  30 
feet  above  North  Brul^  lake.  The  portage  leading  from  the  Inst 
lake  to  Stray  lake  starts  almost  directly  south  of  the  one  from 
<7aribou  lake.  Gabbro  was  seen  on  this  portage  and  also  along 
tJie  stream  that  flows  from  Stray  lake  to  North  BruU^  lake. 

GASKANAS  LAKE.* 

This  lake  is  nearly  three  miles  long,  and  not  more  than  half  a 
mile  in  width.  It  lies  in  sees.  22,  23,  24,  25,  26,  and  27  of  T. 
^-2,  and  is  15  feet  above  Stniy  lake.  We  could  find  no  portage 
leading  south  from  Stray  lake  and  so  cut  one  to  the  pond  which 
is  in  the  S.  W.  i  of  sec.  24.  From  this  i^oud  an  old  and  poorly- 
<cut  portage  leads  to  Gaskanas  lake.  Gabbro  was  seen  at  each 
«nd  of  the  last  portage,  also  on  the  east  side  of  the  little  bay  in 
the  S.  E.  ]  of  N.  W.  1  see.  26.  This  lake  is  a  very  pretty  little 
sheet  of  water  and  is  dotted  with  niiiny  green  islands.  The 
shores  are  densely  wooded  and  along  tlir*  south  shore,  especially 
in  sec.  26  where  there  are  two  chiini  cabins,  there  is  considerable 
good  white  pine. 


■This  naiiKf  U  ukon  from   Hi'iii/i-   Hros.'  "Map  of  the  NVrmilioii   Iron  Iiau;:o.''    This  luaj) 
fire!*  Windu'll  lak«  as  Alial)ikui>;aii  hikv. 
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WINCHELL  LAKE.* 

Winchell  lake  is  a  long,  narrow  body  of  water,  over  five  miles 
in  length  and  less  than  half  a  mile  in  width,  extending  east  and 
west  in  the  southern  part  of  T.  64-2  and  running  half  a  mile 
into  T.  64-3.  It  is  30  feet  above  Gaskanafi  lake.  The  portage 
from  Gaskanas  lake  (this  stiirts  from  the  bay  in  S.  E.  i  of  X.  TV. 
1  sec.  2<))  is  very  good, —  the  first  good  one  seen  since  leaving 
Guntlint  lake.  The  water  of  Winchell  lake  is  deep  and  very 
clear;  the  shores  are  well  covered  with  timber  which  is  composed 
mostly  of  spruce  and  birch  with  some  scattering  white  pine. 
The  Grand  Marais  Indians  call  this  Mountain  lake,  probably 
because  of  the  higli  ridge  that  extends  along  the  south  shore. 

Gabbro  occurs  in  place  at  the  portage  in  the  X.  E.  l  of  S.  Wl 
sec.  26,  T.  64-2,  and  there  are  outcrops  of  rock  (apparently 
gabbro)  all  along  the  north  shore,  but  only  one  of  these  was 
visited;  here  (y.  E.  I  of  S.  E.  J  sec.  29)  the  gabbro  (Xo.  187) is 
lik<^  the  ordiniiry  labradorite  gabbro  found  further  north,  but  is 
a  little  finer.     We  followed  along  the  south  shore  of  the  hike, 
but  no  rock  outcroi)s  were  seen  until  we  came  to  the  poiut  whicJi 
is  crossed  by  the  line  between  sees.  31  and  32,  T.  64-2;  here  a 
hij^li  ridge,  which  «»Ytenda  all  along  the  south  shore  of  the  lake 
i\iu\  rises  50  to  KM)  feet  above  the  water,  comes  to  the  shore  and 
forms  11  preeipitous  elitV  nearly  100  feet  high.     This  clill*  is  com 
l)()se(l  of  gabbro  cXo.  188)  which  difters  from  the  ordinary  gabbro 
ill  that  it  ('(Hit  a  ins  a  considerable  amount  of  a  whitish  feldspiir 
mixed  with  tin.'  labradorite.     The   gabbro    exteiuLs    along  the 
shore  for  a  <[uarter  of  a  mile  west  of  this  point. 

Ill  the  X.   W.  1  of  X.  W.  \  sec.  31,  T.  04-2,  the  above  men- 
tioned ridj^e  is  cut  by  a  small  stream  flowing  from  Sham  lake, 
wliii'li  is  just  south  of  Winchell  lake.     Just  east  of  this  stream  is 
a  blutV  rising  SO  feet  above  the  water.     The  rock  at  the  foot  of 
the  bill IV  is  covered  by  lar^e  angular  m:isses  of  rock  that  have 
falU'ii  down  from  hi^rher  up.     The  tirst  rock  seen  hi  situ  is  almost 
20  feot  above  the  water  level;  it  is  gabbro  (Xo.  189)  that  is  like 
the  ordinary  labradorite  gabbro,  except  that  it  is  more  compact 
and  contains  a  little  light  colored  feldspar.     Twenty  feet  higher 
ui)tlie  gabbro  is  represented  by  Xo.  190;  this  is  similar  to  Xo. 
1S!>,  l)ut  lias  more  of  the  light-colored  (pinkish)  feldspar.     This 
felds})ar  inei-eased  until,  ten  feet  above  Xo.   190,  the  rock  was 


riii-  iiriinv  i^  tak-u  fnim  Ui-iM-i  t-^jj  r'.-  iiiiip  of  North:;a§ti'rn  Minnesota. 
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eu'gely  composed  of  it.  This  rock  (No.  191)  has  a  red  color  and 
eems  to  be  the  gabbro  changed  by  heat;  this  coald  not  have 
leen  done  by  forest  fires  as  none  have  passed  over  the  shore. 
The  feldspar  crystals  vary  all  the  way  from  the  dark  (almost 
(lack)  labradorite  through  white  to  a  decided  red.  This  rock  is 
bout  as  coarse  and,  with  the  exception  of  color,  has  the  same 
ppearance  as  the  ordinary  gabbro.  None  of  the  specimens 
,bove  mentioned  contain  any  quartz.  Two  feet  above  No.  191 
he  rock  is  very  dark  and  tough,  being  composed  mostly  of  a 
»lack  mineral  probably  hornblende,  which  is  not  always  in 
.efinite  crystals;  this  gives  the  rock  (Nos.  192  and  193)  the 
ppearance  of  having  a  dark  compact  ground  mass  in  which  are 
cattered  blotches  of  pinkish  feldspar;  in  these  feldspar  blotches 
here  are  numerous  small  quartz  grains.  A  little  higher  ui> 
►ccurred  a  fine  pinkish  gray  syenite  (No.  194).  No.  195  was 
aken  just  above  this  and  No.  196  from  the  top  of  the  bluff.  The 
alter  is  coarser  and  is  a  distinct  syenite.  On  examining  the 
)laff  at  another  place  the  syenite  was  found  at  the  top  and  the 
jabbro  near  the  bottom.  Among  the  angular  pieces  at  the  foot 
>f  the  bluff  one  (No.  197;  was  found  which  seems  to  be  inter- 
mediate between  the  highest  gabbro  (No.  191)  luid  the  syenite; 
.t  resembles  No.  191  and,  like  it,  hits  labradorite  (?)  crystals, 
Dut  it  also  contains  numerous  quartz  grains  while  No.  191  has 
lone.  On  the  north  end  of  the  portage  to  Sham  lake  the  rock  is 
i  condition  of  the  gabbro, —  Xo.  198. 

The  above  mentioned  bluff  shows  an  app;inMit  transition  from 
:he  gabbro  at  the  bottom  (No.  189)  to  the  s>  enite  at  the  top  (No. 
196),  tfie  syenite  Jying  on  the  f/ahhro.  The  change  is  gra<lual,  and 
rapid  at  only  one  place  —  between  No.  191  and  No.  192;  here  the 
transition  occurs  within  two  feet;  the  quartz  in  No.  192  is  insueli 
small  grains  that  it  was  not  noticed  in  the  Held,  so  the  (^xael 
place  where  the  quartz  first  appears  was  not  determined;  liow- 
ever,  there  is  no  distinct  contact  line  between  the.se  two  rocks, 
but  the  change  from  one  to  the  other  is  quite  sudden.  It 
seems  that  the  syenite  is  of  igneous  origin  and  has  flowed  out  over 
the  gabbro,  the  gabbro  being  changed  somewhat  by  molten  rock 
sibove  it.  No.  191  reprcseutvs  the  changed  state  of  the  gabbro 
ind  No.  192  is  the  first,  or  lowest,  part  of  the  syenite;  at  any 
cate  the  change  occurs  between  these  two, —  the  distinct  labra- 
lorite  crystals  disappearing  and  the  quartz  coming  in. 
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SHAM  LAKE. 

This  is  a  small  lake,  less  tbaii  a  mile  loug,  on  the  line  between 
sec.  31,  T.  64-2  and  see.  36,  T.  MS.  It  is  15  feet  above  Win- 
chell  lake  and  is  connected  with  it  by  a  small  stream  which  is  a 
short  distance  east  of  the  range  line.  The  portage  between  the 
two  lakes  is  less  than  one-eighth  of  a  mile  in  length.  Sham  lake 
has  no  long  arm  extending  west  through  sec.  36,  as  is  shown  on 
the  township  plat. 

The  rock  at  the  south  end  of  the  portage  is  represented  by  Xo. 
199;  this  is  similar  to  No.  192  except  that  the  hornblende  is  in 
distinct  crystals  and  the  quartz  is  not  very  plentiful.  On  the 
east  side  of  the  lake,  in  the  S.  W.  1  of  X.  W.  \  sec.  31,  a  fine  red 
syenite  (No.  200)  occurs;  it  is  composed  of  a  red  feldspar  and  horn- 
blende, the  feldspar  making  up  about  two-thirds  of  the  rock^  no 
quartz  can  be  seen  with  a  hand  lens,  but  it  probably  contains 
some.  The  rock  is  probably  the  same  as  the  fine  red  syenite  or 
*'  red  rock  "  found  by  Prof.  N.  H.  Winchell  both  east  and  west  of 
this  place.  Near  the  southwest  corner  of  the  lake,  in  S.  E.  i 
of  S.  E.  \  sec.  36,  there  is  a  low  outcrop  of  a  rock  (No.  201), 
apparently  part  of  tha  transition  from  gabbro  to  syenite;  it 
resembles  Nos.  192  and  193  from  Winchell  lake. 

LOST  LAKE. 

From  the  south  end  of  Sham  lake  there  is  a  portage  ranning 
S.  S.  W.  for  about  a  mile  to  Lost  lake.  This  lake  is  not  given 
on  the  township  plat,  and  as  near  as  could  be  determined  it  lies 
in  the  S.  •]  of  sec.  1  and  the  N.  i  of  sec.  12,  T.  63-3.  It  is  about 
half  a  mile  long  (X.  and  S.)  and  a  quarter  of  a  mile  wide.  The 
shores  are  well  wooded  and  have  considerable  good  white  pine. 
This  lake  is  30  feet  above  Sham  lake. 

On  the  x)ortage  from  Sham  lake  the  fine  red  syenite,  same  as 
Xo.  200,  occui's  in  several  i^laces  just  east  of  the  trail.  On  the 
west  side  of  the  lake,  in  S.  E.  i  of  S.  W.  i  sec.  1,  there  is  a  high 
blutf  of  this  same  syenite  ;  and  many  angular  pieces  have  fallen 
down  making  a  large  talus ;  at  this  place  the  rock  is  represented 
by  Xo.  202,  which  is  of  a  briek-red  color  and  contains  even  less 
hornblende  than  Xo.  200. 

BRULE    LAKE. 

From  Lost  lake  there  is  a  portage  of  a  quarter  of  a  mile  run- 
ning S.  S.-W.  to  a  small  lake,  not  shown  on  the  township  plat, 
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^he  W.  i  of  sec.  12,  T.  63-^.  This  small  lake  is  about  a 
rter  of  a  mile  in  length.  From  its  southern  end  a  portage  of 
,  than  a  quarter  of  a  mile  leads  to  the  bay  of  Brul6  lake  that 
ends  into  the  S.  W.  i  of  sec  12,  T.  63-3. 
tral6  lake  is  the  largest  lake  seen  since  leaving  Guntlint  lake, 
Q  fiftct  it  is  the  largest  lake  in  Minnesota  south  of  the  boundary 
[  east  of  range  9.  It  is  seven  miles  long,  the  average  width 
Dg  a  mile,  and  extends  through  the  central  part  of  T.  63-3 
i  a  mile  and  a  half  into  the  western  part  of  T.  63-2  (that  por- 
1  of  the  lake  in  this  township  was  not  visited).  The  north 
[  west  shores  have  not  been  burnt;  here  is  some  good  white 
e.  The  southern  shore  was  burnt  some  years  ago  and  is  now 
ered  witji  a  second  growth  of  birches.  There  is  a  claim  cabin 
the  point  in  the  N.  E.  i  of  N.  W.  i  sec.  13,  and  from  a  Grand 
rais  Indian,  we  learned  that  there  were  several  more  about  the 
e.  Brul^  lake  is  75  feet  below  Lost  lake.  The  water  is  cle 
I  deep. 

Q  the  S.  E.  J  of  S.  W.  J  sec.  12,  at  the  water's  edge,  there  is 
^w  exposure  of  a  dark  siliceous  trap  rock  (No.  203),  which 
»ears  to  be  perfectly  homogeneous  under  the  hand  lens.  This 
k  contains  a  few  small  crystals  of  iron  pyrites.  No  bedding 
icture  could  be  seen  but  there  were  many  small  joints  cutting 
rock;  in  one  place  these  were  parallel  and  dipped  south 
mt  20^.  A  little  further  south  along  the  east  shore  of  this  bay 
e  bay  in  the  S.  W.  i  of  sec.  12)  is  an  outcrop  of  a  rock  (No. 
:)  composed  almost  entirely  of  pbigioclase  feldspar  crystals  of 
sizes  up  to  half  an  inch  in  length;  these  crystals  seem  to  be 
bedded  in  a  dark,  finely  crystalline  matrix,  but  this  is  a  very 
all  part  of  the  rock. 

3n  the  point  in  the  S.  E.  i  of  N.  E.  1  of  N.  W.  i  sec.  13  the 
5k  at  the  water's  edge  is  a  white  feldspar  porphyry  (No.  205); 
)  feldspar  crystals  run  up  to  those  an  inch  in  length;  the  matrix 
dark  and  finely  crystalline;  it  makes  up  about  one-half  of  the 
3k.  No.  204  is  probably  a  condition  of  this  porphyry.  Ten 
it  above  No.  205  and  30  feet  back  from  the  shore  there  is 
other  feldspar  porphyry  (No.  20(>);  this  seems  to  be  different 
^niNo.  205,  as  the  matrix  is  much  finer,  darker  and  apparently 
>re  siliceous,  and  the  feldspar  crystals,  instead  of  l)eing  white, 
B  of  a  dull  reddish-brown  color;  the  matrix  comprises  about 
fee-fourths  of  the  rock;  the  feldspar  crystals  weather  white, 
ie  rock  between  these  two  porphyries  is  covered  by  soil. 
Vol.  Ill— 23. 
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A  few  yards  south  of  No.  206  is  a  small  exposure  of  a  briek* 
red  rock  (No.  207)  which  is  composed  of  a  reddish,  homogeneooi 
and  siliceous  gronnd-mass,  in  which  are  small  crystols  of  a  brick- 
red  feldspar,  a  dark  mineral  (probably  hornblende)  and  qnartL 
This  rock  might  be  called  a  quartz  porphyry  and  is  eniirelf 
different  from  any  of  the  others  on  this  point.  It  is  cut  by  many 
parallel  planes  (shown  in  the  specimen)  which  are  vertical  vA 
run  east  and  west.  On  the  north  side  of  this  exx>osure  tlie  lA 
rock  is  in  contact  with  a  fine  diabase  (No.  208);  the  contact  line 
is  distinct  but  was  exposed  for  only  a  few  inches;  where  seen  it 
was  vertical  and  ran  east  and  west.  Near  the  contact  the  ground* 
mass  of  No.  207  becomes  darker  and  more  siliceous;  this  is  shown 
by  No.  207 A. 

Where  the  line  between  sees.  13  and  14  strikes  the  north  shore 
the  rock  is  similar  to  No.  204.  This  same  rock  occurs  on  the 
point  in  the  N.  W.  i  of  N.  E.  i  sec  14  and  also  on  the  snuQ 
island  just  south  of  this  point.  The  shore  was  not  examined 
again  until  reaching  the  large  island  in  the  centre  of  sec  17;  no 
outcrops  were  seen  along  the  south  shore  of  this  island.  On  i 
small  island  in  the  S.  E.  i  of  S.  E.  }  sec  18  there  is  a  dark,  diir 
base-like  rock  inclined  to  be  amygdaloidal  (No.  209);  thisii 
quite  finely  crystalline  and  inclines  to  a  dark  purple  color,  b 
places  in  this  rock  there  are  small  blotches  of  a  reddish  feldspin 
the  centre  of  each  blotch  is  composed  of  a  dark  mineral,  probi- 
bly  hornblende.  This  rock  also  occurs  near  the  west  end  of  the 
island  that  is  cut  by  the  line  between  sees.  17  and  18,  and  on  the 
east  end  of  the  portage  towards  Greorgia  lake. 

It  is  to  be  regretted  that  we  were  unable  to  more  carefaQr 
examine  the  relations  of  the  rocks  from  the  south  shore  of  Win- 
chell  lake,  to  and  through  Brul6  lake,  but  our  provisions  woald 
not  warrant  a  longer  stay. 

LAKE  GEORGIA. 

This  lake  lies  in  the  W.  J  of  sec  18,  T.  6J^-3,  and  sec  liT. 
63-4,  and  small  bays  run  into  sees.  14  and  24.  It  is  6  feet  belof 
Brule  lake.  The  shores  have  been  burnt  and  are  now  covered 
with  small  birches  and  poplars.  A  stream  flows  from  Bral6 
lake  to  lake  Georgia  and  the  portage  between  the  two  lakes  isio 
the  S.  W.  ]  of  sec.  18;  it  is  only  200  feet,  and  not  a  quarter  of » 
mile,  as  shown  on  the  plat.  Lake  Georgia  has  no  arm  extending 
into  Si»e.  12,  T.  63-4,  as  is  shown  on  the  government  plat 
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In  the  north  branch  of  the  arm  that  extends  into  the  S.  W.  i 
t  860. 18,  a  short  distance  west  of  the  portage  from  Brule  lake, 
here  is  a  rook  (No.  210)  which  appears  to  be  a  condition  of  the 
labbro.  A  little  west  of  this,  and  on  the  north  shore  of  this 
irm,  is  an  outcrop  of  a  feldspar  porphyry  (No.  211);  this  seems 

0  be  somewhat  similar  to  No.  206;  the  feldspar  crystals  are  red- 
lish,  but  rather  scattered — probably  making  up  not  more  than 
»n6-tenth  of  the  rock.     On  the  north  shore  of  the  lake  in  the  N. 

1  i  of  S.  W.  *  sec.  13,  T.  63-4,  there  is  a  trap  rock  (No.  212); 
rhich  is  in  contact  with  thegabbro,  here  represented  by  No.  213; 
he  two  specimens  were  taken  witl^in  three  feet  of  each  other; 
he  contact  line  was  covered  by  soil.  No.  212A  shows  the  trap 
irther  from  the  contact;  it  is  much  coarser  than  No.  212.  (Sab- 
re also  occurs  where  the  line  between  sees.  13  and  14,  T.  63-4 
>nches  the  northern  shore  of  the  lake. 

surveyor's  lake. 

This  lake  is  in  sec.  12,  T.  63-4.  It  is  shown  on  the  township 
at  as  an  arm  of  lake  Oeorgia,  but  there  is  no  connection  between 
ie  two  except  a  small  stream  flowing  from  Surveyor's  lake;  the 
^rtage  between  these  lakes  is  in  the  N.  E.  i  of  sec.  13  and  is 
er  an  eighth  of  a  mile  long.    The  aneroid  shows  no  difference 

hight  between  the  two  lakes,  but  Surveyor's  lake  is  a  little 
gher  than  the  other.     North  and  east  of  this  lake  are  hills  50 

100  feet  high. 

In  the  S.  W.  i  of  sec.  12  there  is  a  deep  bay  running  west  for 
«rly  half  a  mile.  At  the  end  of  this  bay  on  the  portage  going 
M  to  Found  lake  is  a  fine  red  syenite  (No.  214),similar  to  Nos. 
lO  and  202.  There  is  a  ridge  extending  along  the  north  side  of 
is  bay;  the  red  rock  (syenite)  in  the  ridge  can  be  seen  from 
elake. 

FOUND  lake. 

Foand  lake  is  in  the  S.  i  of  sec.  11,  T.  63-4.  It  is  a  small  lake, 
as  than  half  a  mile  long  (east  and  west)  and  is  not  shown  on  the 
'Wnship  plat.  The  shores  have  been  burnt  and  are  now  covered 
'Bi  a  second  growth  of  birch  and  poplar.  This  lake  is  the 
*ie  hight  as  Surveyor's  lake. 

The  fine  red  syenite,  similiar  to  No.  214,  occurs  in  several 
•oes  on  the  portage  from  Surveyor's  lake.  On  the  north  side 
the  lake  is  a  hill,  50  feet  above  the  water,  composed  of  a  dia- 
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base  (No.  215).  On  each  side  of  this  hill  the  red  syenite  oocurs, 
thus  making  it  seem  as  if  the  diabase  had  cut  throagh  the  syen- 
ite; the  two  rocks  were  not  seen  in  contact.  The  north  shore  of 
the  lake  is  mostly  made  np  of  the  fine  red  syenite.  In  one  place 
this  syenite  held  angular  pieces  (none  were  seen  over  three 
inches  in  diameter)  of  a  fine  dark  rock:  this  is  shown  by  Xo.  216, 
which  shows  both  the  dark  rock  and  the  syenite.  In  this  speci- 
men the  syenite  is  easily  seen  to  contain  much  quartz:  —  in  the 
other  specimens  of  this  syenite  (Xos.  200,  202,  and  212)  quartz 
can  not  be  clearlv  seen  with  the  hand  lens. 

LAKE   IDA   BELLE. 

This  lake  is  very  irregular.  It  lies  in  sees.  1,  2,  3,  10,  11,  and 
12  of  T.  63-4,  while  biiys  extend  a  short  distance  into  T.  64-4, 
T.  64-2,  and  T.  6;5-3.  It  is  30  feet  below  Found  lake.  The  coun- 
try around  lake  Ida  Belle,  except  a  small  portion  at  the  north- 
east corner  of  the  lake,  has  been  burnt,  and  there  are  vast  expos- 
ures of  rock  all  around  the  lake  not  yet  covered  by  a  second 
growth  of  trees. 

This  lake  lies  in  the  great  gabbro  sheet;  probably  nine-tenths 
of  the  rock  around  the  lake  is  gabbro,  the  rest  being  trap  and 
fine  red  syenite.  A  belt  of  iron  ore  was  reported  running  from 
sec.  1  to  sec.  IS,  T.  63-4;  the  entire  lake  shore  was  examined, 
also  part  of  the  country  southwest  of  the  lake,  but  no  iron  ore 
was  found; — in  fact  the  only  iron  seen  consisted  of  a  few  bands 
or  seams  of  magnetite  in  the  gabbro.  Fresh  beaver  cuttings 
were  seen  along  the  shore  in  sec.  10,  T.  63-4.  Xo  portage  could 
be  found  from  the  last  lake  to  lake  Ida  Belle,  and  so  one  was  cut 
straight  north  for  about  one-third  of  a  mile;  this  brought  us  to 
lake  Ida  Belle  near  the  centre  of  Sec.  11,  T.  63-4. 

In  the  S.  W.  i  of  X.  E.  1  sec.  11,  T.  63-4,  the  gabbro  (No.  217) 
occurs  and  continues  along  the  south  shore  most  of  the  way  to 
the  stream  that  enters  the  lake  in  the  S.  E.  J  of  sec.  10.  In  the 
S.  W.  1  of  X.  W.  \  sec.  11,  just  east  of  the  line  between  sees.  10 
and  11,  there  is  an  exposure  of  diabase  (No.  218).  The  gabbro 
on  the  little  point  in  the  S.  E.  }  of  sec.  10  is  cut  by  a  dike  of 
fine  diabase  (Xo.  219);  the  dike  runs  a  little  west  of  north;  it  is 
three  feet  wide  and  was  traced  twenty  feet.  The  gabbro  at  this 
point  is  represented  by  No.  220,  which  is  exactly  similar  to  that 
found  much  farther  noilh. 

A  trip  was  made  south  to  the  comer  between  sees.  10,  11, 14^ 
and  15  and  then  west  along  the  line  between  sees.  14  and  15  for 
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nearly  half  a  mile;  the  line  could  be  followed  no  farther,  and  so 
ire  went  as  near  west  as  possible  until  two  miles  west  of  the 
iboYeoorner.  Many  rounded  hills  of  gabbro  were  crossed, — in 
hot  all  the  rock  seen  was  gabbro  except  a  small  outcrop  about 
Quee-fourths  of  a  mile  from  the  corner;  this  outcrop  consisted 
of  a  fine-grained  rock  (Xo.  221)  which,  if  it  were  a  little  more 
lecayed,  would  resemble  what  has  been  termed  ^*  muscovado." 
Doe  of  the  specimens  collected  (No.  222)  is  from  a  vein  which 
Mntained  large  crystals  of  hornblende,  an  inch  or  more  long. 
[q  some  places  there  were  small  patches  or  seams  of  gabbro  that 
X)ntained  considerable  magnetite,  as  shown  by  Xo.  223,  but  in 
K)  place  did  the  magnetite  make  up  more  than  one-third  of  the 
"ock.  At  one  place,  one  and  a  half  miles  west  of  the  corner, 
here  was  a  thin  scale,  not  much  more  than  half  an  inch  thick,  of 
uagnetite  lying  on  the  gabbro;  this  extended  only  about  20  feet; 
Ta  224  is  from  this  scale  of  magnetite.  From  the  last  place 
)ne  and  a  half  miles  west  from  the  corner)  Mr.  Meeds  went 
orth  for  half  a  mile,  and  found  nothing  but  gabbro.  A  section 
"as  also  made  south  for  half  a  milo;  the  gabbro  was  the  only 
3ckseen. 

Gabbro  continues  along  the  north  and  west  shores  of  the  lake 
Q  sec.  10;  it  was  examined  in  several  places.  There  is  a  very 
Doall  bay  in  the  N.  W.  \  of  X.  E.  i  sec.  10;  on  the  east  side  of 
he  entrance  to  this  bay  there  is  an  exposure  of  gabbro  sloping 
[own  to  the  water.  The  surface  of  the  gabbro  is  spotted  with 
mall  and  irregular  pieces  of  the  fine  red  syenite  (No.  225),  and 
here  are  veins  of  this  syenite  in  the  gabbro;  there  is  also  a  large 
?ieoe  of  syenite,  10  by  20  feet.  This  large  piece  and  the  smaller 
^eces  of  syenite  seem  to  lie  on  the  gabbro;  and  this,  together 
irith  the  fact  that  the  gabbro  is  cut  by  veins  or  dikes  of  the  syen- 
'toi  would  indicate  that  the  syenite  is  of  later  dat^i  than  the  gabbro. 
Kie  top  of  the  gabbro  exposure  is  cut  by  an  irregular  dike,  which 
rt  one  end  is  three  feet  wide;  it  then  widens  out  to  twelve  feet. 
Rie  direction  of  the  dike  is  nearly  east  and  west,  and  it  was 
l^aoed  forty  feet.  The  syenite  at  this  place  is  represented  by 
1^0.  226,  the  dike  rocks  by  Xo.  226,  and  the  gabbro  by  No.  227. 
^  is  the  first  place  that  the  writer  has  found  the  fine  red  syen- 
te  in  contact  with  the  gabbro.  The  two  are  seen  in  contact 
Wn  at  the  northwest  corner  of  this  little  bay;  here  the  contact 
'  Vertical,  and  is  a  sharply  defined  line,  but  there  is  only  a  small 
'®Ur  feet  wide)  strip  of  syenite  exposed. 
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Many  outcrops  of  gabbro  are  seen  along  the  west  shore  of  tk 
lake  till  we  reach  a  small  island  in  the  N.  £.  1  of  8.  R  i  aec  3. 
On  the  north  side  of  this  island  the  gabbro  and  the  fine  red  syen- 
ite are  again  seen  in  contact;  here  the  gabhro'liei  an  the  9^ei^ 
which  is  represented  by  No.  228.    A  bluff  of  rock  about  tbiity 
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Fig.  4.    Galhro  Ijfing  on  fine  red  syenite,  lake  Ida  Belle. 


feet  high  is  exposed:  the  upper  part  is  composed  of  gabbio, 
which  projects  out  beyond  the  syenite  lying  below.  At  the  con- 
tact the  gabbro  has  crumbled  away,  so  the  actual  contact  line 
could  not  be  seen,  but  the  two  rocks  were  found  within  an  inch 
of  each  other.  There  seems  to  be  no  change  in  either  rock  netf 
the  contact. 

In  the  X.  E.  i  of  S.  E.  i  and  S.  E.  i  of  K  E.  i  sec.  3,  T.  63-4, 
just  north  of  the  island  mentioned  above,  there  is  a  hill  com- 
posed of  a  dark  fine-grained  rock  (No.  229).  This  is  cut  throoglk 
and  through  by  numerous,  irregular,  branching  veins  of  the  fiM 
red  syenite  (Xo.  230);  these  vary  from  two  feet  to  half  an  inck 
in  width,  and  even  run  out  to  needle  points.  No.  229  seems  to 
be  a  syenite,  like  the  red  syenite,  but  the  hornblende  makes  ap 
BO  large  a  part  of  it  that  the  rock  appears  almost  black.  It  is 
different  from  the  dark  rock  seen  in  the  syenite  on  the  noitb 
side  of  Found  lake.  Xo.  231  shows  Nos.  229  and  230  in  contact; 
the  contact  is  a  distinct  and  sharply  defined  line,  and  in  no  plnoe 
were  the  two  rocks  found  to  grade  into  each  other. 
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Dhe  rest  of  the  lake  shore  was  examined;  gabbro  was  found  in 
ny  places,  especially  along  the  eastern  shore.  On  the  west 
»re,  near  the  centre  of  sec.  2,  T.  63-4,  were  two  exposures  of 
.  229  cut  as  above  described  by  fine  red  syenite  similar  to  No. 
I.  At  the  extreme  northeastern  corner  of  the  lake,  in  the  S.  W.  k 
sec.  31,  T.  64-3,  the  red  syenite  again  occurs.  At  the  portage 
E.  i  of  sec  35,  T.  64-4)  going  north  from  lake  Ida  Belle  the 
)bro  was  cut  by  veins  of  fine  red  syenite  (No.  232). 

FROM  L.LKE  IDA  BELLE  TO  OGISHKE-MUNOIE  LAKE. 

Varrow  lake.  This  is  a  narrow  irregular  lake  in  sees.  25,  26, 
and  36  of  T.  64-4;  it  is  a  mile  and  a  half  long  (north  and 
th),  but  not  more  than  a  quarter  of  a  mile  wide.  It  is  15  feet 
ow  lake  Ida  Belle.  The  shores  are  densely  wooded,  the 
ber  being  mostly  spruce,  birch  and  jack  pine.  The  portage 
n  lake  Ida  Belle  is  in  the  S.  E.  i  of  sec  35;  it  is  well  cut  and 
y  about  an  eighth  of  a  mile  in  length.  Oabbro  occurs  on  the 
it  shore  in  the  N.  E.  i  of  sec.  35.  On  the  west  shore  (S.  E.  i 
^.  E.  i  sec  26)  near  the  north  end  of  the  lake  is  what  seems 
)e  a  decayed  condition  of  the  gabbro  (No.  233);  this  contains 
siderable  biotite. 

'liskadinna  laJce^,  This  lake  is  mostly  in  sec.  24,  T.  64-4  and 
L  19  and  20,  T.  64-3.  It  is  25  feet  below  Narrow  lake.  The 
res  are  densely  wooded.  The  northern  arm,  which  is  in  the 
S.  i  of  sec  13,  T.  64-4  and  the  N.  W.  i  of  sec  19,  T.  64-3, 
liown  on  the  plat  as  a  separate  lake,  but  it  is  only  an  arm  of 
tcadinna  lake.  There  are  two  short  portages  from  Narrow 
)  to  this  lake  along  the  stream  that  connects  the  two  lakes, 
many  rock  exposures  are  to  be  seen  along  the  shores  of  this 
i;  all  those  examined  were  gabbro.  Oabbro  also  occurs  on 
south  shore  of  the  northern  arm  where  the  line  between 
ges  3  and  4  touches  the  shore. 

Iskadinna  lake  to  Bound  lake.  In  the  N.  W.  i  of  S.  E.  i  sec 
T.  64-4  there  is  a  short  portage  from  Kiskadinna  lake  past  a 
Ids  in  the  streamf  that  flows  from  this  lake  through  sees.  13, 
10,  3,  and  2  of  T.  64-4  into  Bound  lake  which  is  in  the  S.  W. 
'sec  35,  T.  64r-5.  There  are  three  rapids  along  this  stream 
are  short  x>ortages  are  made — in  the  N.  W.  J  sec  13,  S.  W.  i 
.  11,  and  N.  W.  i  sec  2, — this  last  portage  coming  to  Bound 

■ 

Thii  mm*  li  taken  from  Heinze  Brothers  "  Map  of  the  yermlUon  Iron  Range." 
Thia  amsm  flnallj  enters  Gunfllnt  lake  at  its  western  end. 
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lake.  The  stream  is  easily  canoeable,  being  nsually  from  100 
to  1,000  feet  wide.  The  portages  are  well  ent  and  seem  to  be 
used  considerably  in  the  winter  time.  The  only  rock  seen  along 
this  stream  was  gabbro;  this  occurred  in  several  places,  as  fol- 
lows: near  the  centre  of  sec.  13,  S.  E.  i  of  sec.  11,  on  the  portage 
in  the  S.  W.  I  of  sec.  11,  N.  E.  J  of  sec.  10,  S.  W.  i  of  sec.  2, 
N.  W.  i  of  sec.  2,  and  on  the  portage  in  the  X.  W.  J  of  sec.  2. 
Bound  lake  is  60  feet  below  Kiskadinna  lake. 

Draper  lake.  This  is  a  somewhat  circular  lake  in  the  W.  i  of 
sec.  34  and  the  E.  i  of  sec.  33,  T.  65-4.  It  is  36  feet  above 
Bound  lake.  A  portage  of  about  half  a  mile  connects  these  two 
lakes;  it  leaves  Bound  lake  at  its  northwestern  comer.  The 
gabbro  occurs  in  several  places  along  this  portage.  There  are 
also  many  fragments  of  quartzyte  on  the  portage,  but  no  rock  was 
found  in  place;  these  are  probably  from  what  has  been  termed 
Fewabic  quartzyte  found  a  short  distance  north  of  here.  On  the 
western  shore  of  the  lake,  in  the  N.  E.  i  of  sec.  33,  there  is  an 
exposure  of  a  muscovado-like  rock  (No.  233^). 

Draper  lake  to  Flying  Cloud  lake.  From  Draper  lake  we  went 
through  six  small  lakes  to  Flying  Cloud  lake.  This  plat  (T. 
65-4)  is  very  inaccurate,  and  the  route  we  took  and  the  x>osition 
of  the  lakes  could  not  be  definitely  determined.  Below,  the  lakes 
have  been  numbered  from  one  to  six,  and  the  location  given  as 
near  as  possible. 

Lake  Xo.  1: — Near  the  centre  of  sec.  33,  T.  64-5.  Forty  feet 
above  Draper  lake. 

Lake  No.  2:— N.  W.  i  of  sec.  33,  T.  64-5,  not  shown  on  the 
plat.     Same  hight  as  lake  No.  1. 

Lake  No.  3: — This  is  probably  Charley  lake,  which  is  in  the 
N.  i  of  sec.  32,  T.  65-4.    Fifteen  feet  above  lake  No.  2. 

Lake  No.  4: — Centre  of  sec.  29,  T.  65-4.  Not  shown  on  the 
plat.  Foi-ty  feet  above  lake  No.  4.  On  the  west  side  of  the 
portage  (this  portage  runs  nearly  north)  from  lake  No.  3  there 
is  a  bluff  25  feet  high  and  over  100  feet  long;  the  front  of  the 
bluff  is  perpendicular.  At  the  base  near  the  centre  there  is  ft 
fine  gray  syenite  (No.  234),  forming  the  first  eight  feet  of  and 
extending  for  25  feet  along  the  foot  of  the  blufif.  Directly  over  th^ 
syenite  and  lying  on  it  is  the  gabbro  (No.  235)  which  composes 
most  of  the  bluff.  The  change  from  the  gabbro  to  the  syenite 
was  abrupt,  there  being  no  transition.  The  contact  line  was  not 
easily  seen  as  the  face  of  the  bluff  was  covered  with  lichens,  but 
on  chipping  off  small  pieces  of  the  rock  the  syenite  and  gabbro 
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rithin  an  inch  of  each  other.    The  syenite  is  very 
than  the  Saganaga  syenite  fonnd  on  the  north  shore 

lake.    Jnst  across  the  portage-trail  from  this  blnff 
knd  gabbro  there  is  one  exposure  of  '^mascovado" 
Iniilar  to  No.  233}.     A  little  island  in  the  southern 
3  No.  4  is  made  up  of  a  fine  gabbro  (No.  237)  that 
ntain  considerable  olivine. 

6:— E.  i  of  sec.  30,  T.  65-4.     Not  shown  on  the  plat, 
lall  lake,  not  more  than  a  quarter  of  a  mile  across. 

as  lake  No.  4. 

6:— S.  W.  i  of  sec.  30,  T.  65-4,  and  S.  E.  J  of  sec. 

25  feet  below  lake  No.  5. 
'4md  lake: — ^This  lake  is  about  a  mile  in  length,  and 
).  i  of  S.  i  of  sec  25,  and  a  small  portion  is  in  the  N. 
.  36,  T.  65-5.  30  (t)  feet  below  lake  No.  6. 
»uth  shore  near  the  east  end  of  the  lake  (S.  E.  i  of  S. 
)  there  is  a  low  ridge  of  dark,  almost  black,  quartz- 
l  east  and  west.  This  quartzy  te  stands  vertical,  and 
as  near  as  could  be  estimated  without  the  needle, 
ire  much  disturbed,  is  about  east  and  west.  The  bed- 
Y  plainly  seen,  especially  on  the  weathered  surfaces; 
)ed  by  bands,  which  contain  varying  proportions  of 
inerals  of  the  rock, —  quartz*  and  magnetite.  The 
collected  (No.  238)  fairly  represent  the  rock,  which  is 
nagnetite  that  it  would  make  a  fair  iron  ore.  The 
xposure  is  in  a  vertical  north  facing  wall,  12  feet  high 
long,  but  several  other  smaller  exposures  are  seen  for 
t  of  this.  At  the  foot  of  the  ridge  is  an  outcrop  of 
(No.  239).    It  seems  as  if  the  quartzyte  overlies  the 

but  this  could  not  be  positively  determined  (how- 
3  found  to  be  the  case  about  a  mile  west  of  this  point), 
syte  is  the  Fewabic  quartzyte  described  in  the  16th 
ort,  and  the  greenstone  is  probably  the  same  as  that 
in  connection  with  the  quartzyte. 
lying  Cloud  lake  we  went  southwest  for  about  two 
;  a  stream — making  four  short  portages  —  to  Kakego 
the  north  side  of  this  stream,  a  short  distance  west  of 
rtage  from  Flying  Cloud  lake  (probably  in  the  S.  E. 
sec  26,  T.  65-5),  the  Fewabic  quartzyte  again  occurs; 
illy  as  rich  in  iron  as  seen  at  any  other  place.     This 

3Tol)tble  that  there  is  also  ollTine.in  the  rock. 
1—24. 
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is  shown  by  Xo.  240.  It  dips  Boath  abont  10°.  Tvelve  feet 
noi'th  of  tbis  qaartzyte  is  a  low  oatcrop  of  greenstone  (Xo.  241); 
this  is  much  darker  and  heavier  than  No.  239  and  apparently 
contains  considerable  iron.  The  position  and  dip  of  the  qnaitz- 
yte  would  bring  it  over  the  greenstone.  The  contact  between 
the  two  rocks  was  covered  by  soil.  On  the  sonth  side  of  the 
stream  is  a  ridge,  50  feet  high,  of  the  qnartzyte  dipping  sonth 
abont  50°.     No.  242. 

On  the  east  end  of  the  second  portage  from  Flying  Clond  lake 
the  qnartzyte  is  again  seen;  here  it  dips  south  45°.  On  the  vest 
end  of  the  portage  the  qnartzyte  is  fonnd  lying  on  the  green- 
stone (see  Fig.  5).  This  is  probably  in  the  N.  W.  J  of  K.  B.  f 
sec  35,  T.  65-5.  The  contact  is  abrupt  and  there  is  no  trans- 
tioD  from  one  rock  to  the  other.  Both  rocks  seem  to  be  nnchaoged 
near  the  contact,  except  that  the  greenstone  is  a  little  decayed. 
The  Fewabic  qnartzyte,  dipping  sonth  45°,  is  shown  by  So. 
243,  which  was  taken  within  six  inches  of  the  contact  Tit 
greenstone  is  shown  by  Xo.  244;  this  seems  to  be  similar  to  "So, 


Fig.  S.    P'oiil.ie  quarlzslt  lying  w.  gneBtUnu,  N.W.^iqf  X.  S.  %  ue.  tS,  T.  tS-i. 
SHOO-FLT  LAKE.* 

This  lake  is  in  the  8.  E.  1  of  sec.  11  and  the  X.  E.  ^  of  secUi 
T.  64-7.  On  the  little  point,  in  the  N.  E.  i  of  X.  E.  t  sec  H 
there  is  a  fine-grained  condition  of  the  gabbro  (So.  245),  and  H 
the  east  side  of  the  lake  near  the  southern  end  there  is  a  predpi' 
tons  cliff  of  the  same  rock  rising  50  feet  above  the  water, 

•Th«  rollowlDg  nots  wm  xtkm  dd  •  trip  from  Knlfa  Ikke  thrDugh  Eak«qiuble,Bk»V' 
Fru*r,  Tbanuw,  A]I«  iiid  VfUin  IiIcm,  Iheoce  aloDg  th«  KtwUhlvl  rlret  W  th«  &  K  M  •"* 
S,  T.  «I-S,  aud  tbcn  Ibroiigb  Uull  lake  la  Mlihlwlihi  Uke. 
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Shoo-fly  lake  a  portage  of  a  third  of  a  mile  runs  south  to 

lake,  not  shown  on  the  plat,  in  the  S.  W.  i  of  sec.  13,  T. 

Dn  the  west  side  of  this  lake  near  the  northern  end  there 

tcrop  of  gabbro  (No.  246);  this  is  finer  than  the  ordinary 

On  the  west  side  of  the  lake  near  the  southern  end  is 

outcrop  of  gabbro  (No.  247)  which  seems  to  be  a  decayed 
m  of  No.  246.  From  the  southern  end  of  this  lake  a  por- 
is  south  for  about  a  third  of  a  mile  and  reaches  Fraser 
the  N.  W.  i  of  N.  W.  i  sec  24,  T.  64-7. 

FBASEB  LAKE. 

r  lake  is  mostly  in  sees.  22,  23  and  24  of  T.  64-7.  On  the 
de  of  the  lake  in  the  S.  E.  i  of  S.  W.  i  sec.  14,  T.  64-7 
re  several  exposures  of  iron  ore;*  these  were  examined 
»refully.  About  150  yards  north  of  the  shore,  where  it 
y  the  line  between  sees.  14  and  23,  is  a  small  pit,  four 
p.  At  the  bottom  of  this  pit  is  found  quite  a  rich  oli- 
iron  ore  (No.  248);  this  disturbs  the  needle  but  slightly 
tns  to  be  mostly  menaccanite  rather  than  magnetite.  On 
Dh  this  comes  in  contact  with  a  wall  of  rock  (No.  249)  com- 
f  large  crystals  of  hornblende  (t)  that  is  almost  fibrous; 
3here  are  parallel  bands  of  iron  ore  (Nos.  250  and  251) 
un  east  and  west  and  dip  south  about  80°.  No.  250  is 
to  the  ore  in  the  pit,  while  No.  251  is  distinctly  a  mag- 
lartzyte  and  shows  the  bedding  plainly.  A  few  rods 
st  of  this  pit,  and  at  the  top  of  the  steep  northward  slope, 
ler  exposure  of  oliyinitic  iron  ore  (No.  252);  this  appears 
to  the  ore  in  the  pit,  but  affects  the  needle  very  strongly, 
3bably  being  mostly  magnetite.  This  mass  of  iron  ore  at 
ern  edge  comes  into  direct  contact  with  a  hornblende 
b.  253)  which  is  a  less  decayed  condition  of  No.  249.  The 
nde  rock  is  here  also  in  contact  with  a  fine  '^  muscovado" 
i)  which  shows  a  few  large  crystal  faces  of  feldspar,  half 
or  more  in  length.  Very  little  of  these  two  rocks  was 
1  their  relation  to  each  other  was  not  determined.  The 
line  is  irr^ular  and  there  is  no  transition  from  one  to 
3r,  nor  is  there  any  sign  of  alteration  in  either  rocks  near 
bact.  A  few  small  areas  in  this  hornblende  rock  were 
oh  in  iron,  as  shown  by  Nos.  255  and  256,  but  the  limits 
3  areas  were  rather  sharply  defined.    The  observations 

s  tlM  plaoe  where  an  attempt  waa  made  to  mine  for  gold  sereral  years  ago. 
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were  made  on  a  ridge  which  rans  east  and  west;  it  was  examined 
for  100  yards  on  each  side  of  the  above  mentioned  pit.  The 
north  side  of  the  ridge  is  rather  steep  and  at  its  foot  occurs  the 
muscovado,  here  represented  by  No.  257.  As  far  as  exposed  the 
top  of  the  ridge  is  composed  of  the  hornblende  rock  (Xos.  249  and 
253);  this  holds  many  masses  and  bands  of  magnetitic  quartzyte. 
The  bedding  in  the  quartzyte  is  usually  very  distinct;  in  all  the 
places  examined  it  runs  east  and  west,  but  within  ten  feet  the 
dip  varies  from  the  vertical  to  about  45°  south.  The  masses  of 
iron  ore  where  Nos.  248  and  252  were  obtained  contain  very  lit- 
tle quartz  and  show  no  evidence  of  bedding.  The  line  of  con- 
tact between  the  quartzyte  and  the  surrounding  rock  is  usually 
distinct  and  very  irregular;  there  was  no  blending  of  the  two 
rocks.  No.  258*  shows  the  quartzyte,  and  in  the  specimens  num- 
bered 259  the  bedding  is  plainly  seen.  No.  260  shows  the  con- 
tact of  the  quartzyte  and  the  surrounding  rock. 

In  the  N .  W.  i  of  N.  E.  i  sec.  23,  about  a  quarter  of  a  mile 
west  of  the  previously  described  locality,  is  a  ridge  running  east 
and  west;  this  is  probably  an  eastward  continuation  of  the  ridge 
mentioned  above.  On  the  south  side  near  the  base  of  the  ridge 
and  about  50  feet  from  the  lake  a  rather  fine,  decayed,  gabbro- 
like  rock  (No.  261)  occurs;  this  is  exposed  in  several  places;  it 
has  a  rough  bedded  structure  (the beds  being  from  6  to  12  inches 
thick)  which  is  nearly  horizontal.  On  the  north  side  of  the 
ridge  and  near  its  foot  is  a  small  exposure  of  iron  ore  (No.  262); 
it  has  a  tendency  to  split  along  parallel  plains  which  are  vertical 
and  run  east  and  west.  Within  ten  feet  of  this  ore  the  quartzyte 
is  seen.  The  ridge  at  this  place  is  made  of  quartzyte  which  was 
followed  eastward  for  50  yards,  where  the  ridge  ends  abruptly. 
The  bedding  is  very  nicely  seen  along  the  weathered  surfaces;  it 
is  caused  by  bands  of  almost  pure  quartz  alternation  with  bands 
rich  in  magnetite.  Some  of  these  bands  are  shown  by  Nos.  263, 
264  and  265.  Throughout  the  fifty  yards  that  the  quartzyte  was 
followed,  except  in  one  small  area  where  the  beds  had  been 
broken  and  bent,  the  strike  and  dip  were  constant,  the  former 
being  almost  east  and  west,  and  the  latter  south  75°.  At  the 
eastern  end  of  the  ridge  a  band  two  feet  wide,  of  a  fine  mosco- 
vado-like  rock  (No.  266)  occurs  interbedded  with  the  quartzyte; 
this  rock  was  traced  for  over  30  feet;  it  has  a  tendency  to  aroogh 
cleavage  which  is  parallel  with  the  quartzyte  bedding.     On  th6 


*  No.  268  waa  taken  fh>m  the  quartzyte  near  thia ;  it  is  a  bunch  of  the  crjratala  of  the  bon- 
blende  rock,  but  they  seem  to  be  mostly  magnetite. 


STATE  GEOLOGIST.  189 

h  side  of  the  ridge,  bat  not  within  30  feet  of  any  qaartzyte, 
.Iso  found  an  outcrop  of  the  iron  ore  (No.  267)  which  has 
thered  into  thin  parallel  sheets  conformable  with  the 
rtzyte, 

he  quartzyte  described  at  these  two  localities  on  Eraser  lake 
ecidedly  like  the  Pewabic  quartzyte.  Evidently  the  gabbro, 
.ch  covers  this  section  of  country,  has  been  worn  away  and  a 
ch  disturbed  portion  of  the  underlying  quartzyte  exposed. 
i  quartzyte  was  not  seen  in  contact  with,  nor  in  fact  near  any 
:he  ordinary  labradorite  gabbro,  but  this  gabbro  has  been 
D  on  all  sides  of  it  at  places  usually  less  than  a  mile  distant. 

THOMAS  LAKE. 

This  lake  is  in  sees.  27,  28,  29,  32,  33  and  34  of  T.  64-7,  and 
8.  5  and  6  of  T.  63-7.  There  is  some  good  white  pine  along 
i  southern  shore  of  the  lake;  several  claim  cabins  were  seen 
re. 

Ihe  iron  ore,  shown  on  the  map  (in  the  15th  annual  report)  as 
curring  on  the  north  side  of  the  lake  in  sees.  27  and  28,  was 
it  found,  although  the  locality  was  carefully  examined.  The 
ily  iron  seen  was  a  small  amount  of  menaccanite  in  the  gab- 
ro  (No.  269);  this  specimen  was  found  about  a  quarter  of  a 
lie  north  of  the  lake  in  the  N.  E.  \  of  sec.  28. 
On  the  north  side  of  the  mouth  of  the  little  bay,  which  is  near 
le  centre  of  the  W.  -3  of  sec.  27,  there  is  a  bluff  40  feet  high, 
f  mnscovado  (No.  270;  holding  irregular  blotches  of  a  light 
)lored  feldspar. 

On  the  lake  shore  in  the  N.  E.  1  of  sec.  29,  on  a  little  point 
ut  is  about  half  way  between  the  meander  corner  on  the  line 
etween  sees.  28  and  29  and  the  stream  that  flows  toward  Ima 
ike,  is  a  low  outcrop  of  rock  (No.  271)  similar  to  the  horn- 
knde  rock  found  at  Eraser  lake.  Here  were  many  angular 
ngments  of  quartzyte  (similar  to  the  Pewabic  quartzyte);  one 
pedmen  (No.  272)  was  taken  to  show  how  plainly  the  banding 
ppeara  on  a  weathered  surface.  A  few  feet  back  from  the 
luire  is  an  outcrop,  two  feet  high,  of  magnetic  iron  ore  (No. 
78)^  this  is  composed  of  almost  pure  magnetite  with  a  little 
Uvine.  This  ore  was  not  seen  in  contact  with  any  other  rock, 
tt  it  contains  a  few  of  the  crystals  that  make  up  the  hornblende 

*  lUi  li  protMiblj  the  ftrruginouB  gabbro  mentioned  in  tbelStb  annual  report,  page  360,  but 
^^^■VBAiki  wueiMnhere.  (It  waa  this  which  wat  intended  to  be  represented  on  the 
^   ir.H.W.) 
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rock.  No  bedding  could  be  seen.  On  foither  search  a  low  oat- 
crop  of  quartzyte,  similar  to  that  seen  at  Fraser  lake,  was  found 
about  50  yards  from  the  shore.  By  palling  away  the  moss  and 
soil  this  rock  was  exposed  for  twelve  feet.  It  lies  nearly  hori- 
zontal, dipping  south  about  10^.  Nos.  274  and  275  show  this 
quartzyte.  As  the  shore  at  this  point  is  low  and  there  is  veiy 
little  rock  exposed,  the  relations  of  the  hornblende  rock,  the 
iron  ore  and  the  quartzyte  could  not  be  determined. 

LAKE  ALICE. 

From  the  extreme  southwestern  corner  of  Thomas  lakeapoit- 
age,  of  less  than  a  quarter  of  a  mile,  leads  southwest  to  Grabiska- 
mak^  lake,  which  is  an  irregular  lake  lying  in  sec  6  of  T.  63-7. 
The  shores  of  this  lake,  except  a  small  portion  at  the  northern 
end,  have  been  burnt  and  are  now  partially  covered  by  bashes 
8  to  10  feet  high.  There  were  many  rock  outcrops  along  the 
shores:  all  of  those  visited  were  gabbro,  and  the  others  appeared 
to  be  the  same. 

From  the  south  end  of  Oabiskamak  lake  a  portage  of  half i 
mile  leads  south  to  the  arm  of  Wilder  lake  that  extends  into  the 
S.  £.  i  of  sec  7,  T.  G3-7.  Grabbro  was  seen  in  several  plaoesoi 
the  portage;  also  on  the  west  shore  of  the  arm  of  Wilder  lake^ 
The  north  shore  of  the  Kawishiwi  river  was  examined  fron 
Wilder  lake  to  lake  Alice;  no  rock  was  seen  except  gabbro  and 
there  were  many  exposures  of  this.  Between  these  two  lakf» 
both  shores  of  the  river  have  been  burnt  and  are  now  covered 
with  small  birches,  poplars  and  jack  pines. 

Lake  Alice  lies  mostly  in  sees.  9,  10,  15,  16  and  21  of  T.  6*-!. 
It  is  four  feet  above  Wilder  lake  and  is  connected  with  it  \i! 
two  miles  of  river  in  which  there  is  one  fall;  this  is  in  the  X.  & 
I  of  X.  W.  \  sec.  20,  T.  65-7.  The  Chippewa  name  for  this  lake 
is  Pe-ua  Siigiagan  or  Partridge  lake.  The  island  crossed  by  tlie 
line  between  sees.  9  and  16  has  not  been  burnt;  also  the  N.  V. 
}  of  S.  £.  I  sec.  15,  where  there  is  a  claim  cabin  and  some  Norwif 
pi  no.  The  rest  of  the  shore  has  been  burnt  and  is  now  covered 
with  young  birches,  jack  pines,  and  poplars.  From  the  end  of 
tht'  bay  in  the  X.  W.  I  of  sec.  22  there  is  a  portage  leading  east^ 
there  is  also  one,  leading  east,  leaving  the  lake  in  the  N.  W.  i  of 
S.  E.  1  see.  10.  From  the  extreme  northern  end  of  the  lake  a  short 


*Th\*  is  tho  Chipivw.i  nameof  ihe  luke :  I  do  not  know  its  meaning. 
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ftge  leads  to  a  small  lake,  on  the  south  shore  of  which  the 
tro  is  exposed.  Lake  Alice,  and  especially  the  eastern  side, 
rather  carefally  examined,  stops  being  madeaboat  every  200 
K)  yards  (the  Imy  in  the  N.  E.  i  of  sec  9  was  not  entered);  no 
was  found  except  the  ordinary  labradorite  gabbro;  this  was 
in  very  many  places;  Ko.  277  is  a  sample  from  the  S.  E.  } 
.  W.  i  sec.  15.  In  one  place  on  the  east  side  of  the  long  bay 
ic  15  the  gabbro  (No.  276)  is  of  a  decidedly  pinkish  color; 
labradorite  crystals  have  a  pinkish  tinge  and  there  are 
shes  of  a  very  soft,  brick-red  mineral,  probably  an  oxide  of 
Search  was  made  back  from  the  shore  for  more  of  this 
:  gabbro,  but  none  was  found. 

LAKE  ALICE  TO  MIBHIWI8HIWI  LAKE. 

le  bay  of  Wilder  lake  which  lies  in  sec.  13,  T.  63-8,  was  not 
red  by  the  survey  two  years  ago;  and  so  it  was  examined  on 
trip;  no  rock  was  seen  except  the  gabbro. 
rom  Wilder  lake  the  Kawishiwi  river  was  followed  to  the 
e  bay  in  the  N.  W.  i  of  S.  E.  i  sec.  3,  T.  62-9;  here  a  por- 
I  of  about  two  miles  was  made  southeast  to  Oull  lake.  There  is 
)ortage  route  through  this  way, — only  a  very  poor  trail  which 
sed  by  the  Indians  in  their  winter  trapping.  On  the  way 
16  ponds  were  crossed;  one  in  the  S.  i  of  sec.  3,  T.  62-9,  one 
Hie  N.  E.  i  of  sec.  9,  and  one  on  the  line  between  sees, 
id  16; — no  rock  exposures  were  seen  on  these  ponds,  but 
•e  were  exposures  of  gabbro  in  the  N.W.  1  of  sec  10  and  the 
nr.  i  of  sec.  16. 

all  *  lake  is  a  narrow  body  of  water  extending  northeast  and 
ihwest  in  sections  16,  17,  19  and  20  of  T.  62-9.  The  shores 
dosely  covered  with  spruce  and  jack  pine.  The  west  side  of 
lake  was  examined;  all  the  rock  seen  was  the  ordinary  gab- 
.  From  the  southwest  corner  of  this  lake  a  fair  portage,  over 
ile  in  length,  leads  southwest  and  reaches  Mishiwishiwi  lake 
ire  the  Une  between  sees.  24  and  25,  T.  62-10  crosses  the 
re.    Oabbro  occurs  along  this  portage. 

PINE  ISLAND,  VERMILION  LAKE. 

.  section  was  made  across  Pine  island,  on  the  line  between 
res  15  and  16,  in  order  to  examine  a  hill  of  jiisper  reported 

tlie  Chlppewft  name  is  Gaiashk  (Gi-ashk)  sagaif^n  or  Gull  lake. 
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to  be  there.  The  writer  crossed  the  island  on  this  line  and 
also  went  west  from  the  line  for  a  mile,  near  the  centre  of  the 
island,  bnt  fonud  no  jasper  hill,  nor  any  indications  of  jasper. 
The  rocks  seen  on  the  section  across  the  island  are  given  below. 
At  the  north  side  of  the  island  is  a  hill,  rising  40  feet  above 
the  water;  this  is  made  of  vertical,  rather  siliceoos,  sericitic 
schist  (So.  2S4);  the  strike  is  £.  15°  X.  From  thLs  hill  a  swamp, 
where  there  are  no  rock  exposures,  extends  for  nearly  one-fourth 
of  a  mile  south  of  the  corners  of  T.  62-15. 62-16, 63-15  and  63-16. 
At  the  south  end  of  the  swamp  is  a  low  (six  feet  high)  ridge  of 
sericitic  schist  (No.  285);  strike  E.  20°  N.,  vertical.  Just  north  of 
the  quarter  post  there  are  three  ridges  running  east  and  west. 
The  first  ridge  is  composed  of  a  greenish  rock,  which  on  the  north 
side  of  the  ridge  is  quite  schistose  and  somewhat  sericitic  (No. 
286):  strike  E.  10°  N.,  vertical;  on  the  south  side  the  rock  is 
more  massive  and  graywacke-like  (Xo.  287).  The  second  ridge 
is  made  of  a  rough  sericitic  schist  (Xo.  288);  strike  nearly 
east  and  west,  vertical.  No.  289  is  from  the  third  ridge;  it  is 
harder,  greenish,  and  perhaps  somewhat  chloritic  Soath  of  the 
quarter  post,  and  about  an  eighth  of  a  mile  from  the  lake,  the 
following  rocks  were  seen;  strike  E.  15°  X.,  vertical.  Xo.  290, 
light  gray  argillaceous  slate;  Xos.  291,  292  and  293,  coarser  and 
rather  sericitic  conditions  of  the  same;  Xo6.294and295,  light  gray 
arigllaceous  slate.  Xo.  296  shows  a  more  siliceous  condition  of  the 
slate.  At  the  lake  shore  there  are  fine  argillaceous  slates*  (Xa 
298);  these  vary  from  black  to  gray;  the  slaty  structure  and  the 
black  and  gray  bands  are  parallel;  strike  E.  15°  X.,  and  dip  80° 
to  the  north.  Xo.  297  shows  the  gray  slate  a  few  feet  from  the 
shore. 

III.    Summary. 

Xo  generalization  or  theories  would  here  be  in  place,  but  it 
may,  perhaps,  be  admissable  for  the  writer  to  g^ve  a  very  brief  sum- 
mary statement  of  the  bearing  of  some  of  the  flEUSts  in  the  forego- 
ing notes  upon  the  general  geology  df  the  region  traversed.  The 
following  remarks  relate,  more  or  less,  to  the  great  gabbro 
sheet,  which  covers  so  much  of  that  part  of  Minnesota  north  of 
lake  Sui)erior. 

The  fine  red  syenite,  or  *'red  rock"  of  former  reiK>rtB,  was 
seen  in  several  places  on  lake  Ida  Belle  in  contact  with  the  gab- 
bro.    In  one  place  (see  fig.  4)  the  gabbro  was  in  contact 


•Mentioned  in  15  An.  Rep.,  p.  SOS ;  No.  921. 
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sad  vas  nnqaestionably  orerlying  the  syenite;  but  in  other 
places  veins  and  dyke-likt;  forms  of  what  certainly  appeiirs  to  be 
the  same  syenite  cat  through  the  g»bbro.  The  syenite  has  the 
appearance  of  an  eruptive  rock,  and  the  general  impression  left 
CD  one,  by  seeing  the  ontcrops  on  this  lake,  is  that  the  syenite  is 
of  more  recent  date  than  the  gabbro.  The  two  rocks  are  very 
distinct  and  in  no  place  were  seen  to  grade  into  each  other; 
where  they  were  seen  together  the  contact  was  a  well  defined 
line. 

The  syenite  found  on  the  gabbro  at  Winchell  lake  is  not  the 
same  as  that  just  mentioned. 

The  iron  ore  and  magnetic  quartzyt«  (of  which  the  ore  is  a 
part)  found  at  Fraser  and  Thomas  lakes  are  undoubtedly  dis- 
turbed i«>rtioii8  of  the  Animike  beds  now  included  in  the  gab- 
bro. It  is  probable  that  they  have  not  been  moved  far  from  their 
original  position,  and  that,  consequently,  at  this  place  the  gabbro 
sheet  Is  of  a  comparatively  small  thickness.  It  seems  that  all  the 
ore  at  this  place  is  from  the  qiiartzyte  and  thiit  that  portion 
which  is  but  slightly  magnetic  has  become  charged  with  titmiium 
from  the  gabbro.  In  connection  with  this  quartzyte  is  found  a 
pecoliar  rock  that  is  miidc  up  of  coarse  and  almost  fibrous  ciy.stals 
of  what  is  probably  hornblende.  This  rock,  as  far  as  the  writer 
Icnows,  has  been  found  in  this  region  nowhere  except  in  connec- 
tion with  this  qnartzyte  and  then  only  when  the  quartzytie  was 
close  to  or  in  contact  with  the  gabbro.  The  quartzyto  south  of 
Birch  lake,  at  Chub  ( Aheley)  lake  and  at  Thomas  and  Fiuser  lakes 
also  shows  this. 

IV.     List  of,  asd  Notes  on,  tiik  Typicai,  Rockb  of  kach 

OF  WHICH  25  SpKUUIBNS  WEBB  CoM-EtTKU. 

These  specimens  are,  in  many  cases,  from  the  exact  spot  fiom 
which  the  original  specimens  were  collected  and  described,  the 
writer  having  visited  many  of  these  localities  with  Prof.  Win- 
(^el)  on  two  of  his  trips  through  this  region.  Some  of  the  speci- 
mens from  localities,  not  before  visited  by  the  writer,  may  not 
always  be  exactly  the  same  sw  the  original  specimens,  but  they 
are  very  nearly  the  same,— as  near  as  could  be  found  from  the 
notes  given  him.  Only  brief  descriptions  of  many  localities  were 
accessible  in  the  field,  as  the  10th  annual  report  had  not  then 
been  printed. 
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After  each  number  the  place  where  the  original  description 
can  be  fonnd,  is  given.* 
No.  744,  (84): — Ogishkc-Miineie  conglomerate  from  Camper's 

island,  Ogishke-Munei'e  lake;  S.  E.  1  of  S.  W.  J  sec.  23,  T.  65-^. 
The  specimens  were  taken  from  the  southwest  corner  of  the 
island.  They  show  the  matrix  of  the  conglomerate,  with  some- 
times a  few  of  the  smaller  pebbles.  The  specimens  collecte<l  are 
coarser  and  not  jus  green  as  the  original  No.  744.  10th  An.  Rep., 
p.  91. 

No.  751 : — Hornblende  porphyry,  S.  E.  }  of  sec.  30,  T.  65-<); 
Kekequabic  lake.  No  specimens  of  this  were  collected,  as  the 
rock  was  not  found  in  place  by  the  writer.  It  is  similar  to  No. 
1059  (97),  except  that  the  ground  mass  is  inclined  to  brownisL. 
while  No.  1059  is  yellowisli  green.  See  No.  1059 10th  An.  Rc»p., 
p.  92. 

No.  868,  (278): — Green  chloritic  schist  embracing  fragmeute 
of  jaspilyte,  north  of  Gady  house.  Tower.  This  rock  evidently 
grades  into  No.  908  (281).     15th  An.  Rep.,  p.  267-8. 

No.  892,  (279): — Rough,  scarcely  banded  jasper,  north  wall" 
Stone  mine,  Tower.     Owing  to  changes  in  the  walls  of  the  mine, 
this  rook  wjis  not  seen  75  feet  below  the  surface;  the  specimens 
collected  were  taken  about  25  feet  below  the  rock  surface.     15th 
An.  Rep.,  p.  256. 

No.  9<>'i,  (280):  —  Red  jasper  with  darker  Ixuids  of  iron  ore: 
Stone  mine,  Tower. 

No.  90S,  (281):  —  Matrix  of  conglomerate  occurring  north  of 
the  Cady  house.  Tower.     15th  An.  Rep.,  p.  269. 

No.  91(;,  (282):  —  Breccia,  now  converted  to  hematite  and  a 
floury  white  mineial:  Breitung  mine,  Tower.  15th  An.  Rep., 
p.  250. 

No.  921,  (28:^):— Black  or  purplish-black  clay  slate,  S.  W.  i 
of  S.  W.  I  see.  6,  T.  62-15:  south  shore  of  Pine  island,  Vermilion 
lakis  a  few  feet  east  of  the  line  between  ranges  15  and  16.  See 
notes  on  Pine  island  in  this  report.     15th  An.  Rep.,  p.  303. 

No.  950,  (128): — Siliceous  schist  or  bedded  quartzyte  from 
^'Silver  City,"  N.  E.  1  of  see.  32,  T.  63-11.  The  specimens 
were  obtained  from  the  shore,  forty  feet  nearer  the  rapids  than 
thes<mthern  tunnel  is.     15th  An  Rep.,  p.  329. 

No.  954,  (114):  —  Coarse  gabbro,  east  side  of  Birch  lake.  The 
sp(»einiens  were  taken  from  the  same  exposure  from  which  the 
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:inal  specimen  came.     In  the  description  (16tli  An.   Eep.) 

locality  is  given  as  the  X.  W.  I  of  see.  20,  T.  61-11,  and  in 
catalogue  of  rock  samples  as  the  N.  W.  1  of  Sec.  17.   Judg- 

from  distances  to  known  points  (this  town  has  not  been 
ireyed)  the  writer  thinks  that  the  N.  W.  I  of  sec.  17  is  the 
it  place.     15th  An.  Kep.,  p.  332. 

o.  958,  (121): — Breccia  of  mica-schist  cemented  by  granite 
n  the  little  point  in  the  IST.  E.  1  of  S.  E.  i  sec.  21,  T.  61-12, 
ch  lake.  Where  the  mica-schist  showed  the  schistose  struc- 
3  to  the  best  advantage,  the  rock  was  too  much  decayed  for 
d  specimens.  15th  An.  Eep.,  p.  333. 
iO.  960:— See  No.  1138. 

\0.  963,  (123): — Fine-grained  red  syenite,    resembling  the 
sdroek"  of  Grand  Marais,  from  the  S.  W.  \  of  S.  W.  }  sec. 

T.  61-12,  Birch  lake.  The  specimens  were  collected  just 
b  of  the  line  between  sees.  23  and  24,  and  about  300  feet  back 
m  the  lake  shore.  15th  An.  Eep.,  p.  336. 
so.  979,  (111):— Fine  syenite  from  the  "Palisades,"  K  W.  i 
i,  W.  i  sec.  4,  T.  62-10.  The  specimens  are  from  nejir  the 
ithern  end  of  the  "Palisjides"  and  about  20  feet  above  the 
ter.  The  rock  varies  some  and  has  an  almost  gneissic  struc- 
•e.  The  specimens  collected  represent  the  prevailing  variety; 
8  grades  into  No.  112,  which  is  gray,  and  into  No.  113,  which 
Joiirser.     15th  An.  Eep.,  p.  342. 

Co.  989,  (101): — Fine  grained,  slightly  micaceous  quartzose 
;k  from  the  south  shore  of  the  Kawishiwi  river  in  the  N.  W.  V 
N'.  W.  i  sec.  27,  T.  G3-10.  loth  An.  Eep.,  p.  352. 
!so.  991,  (102): — Gray,  red- weathering  gneissic  rock  from  an 
ind  in  the  N.  W.  1  of  N.  W.  1  sec.  27,  T.  63-10,  Kawishiwi 
er.  The  southern  part  of  tlie  island  is  composed  of  this  rock, 
3  on  the  central  and  nortliern  parts  the  rock  has  many  darker 
*nblendic  bands  which  show  very  plainly  on  the  weathered 
face  (No.  103).  One  mncli  darker  hornblendic  band,  about  a 
t  in  width,  was  seen;  this  (No.  104)  seemed  to  be  distinct 
m  the  others,  which  graded  into  one  another.  No.  991  also 
wed  banding  on  weathered  surfaces.  15th  An.  Eep.,  p.  352. 
To.  994,  (105):— Eeddish  chloritic  syenite;  N.  E.  \  of  N.  W.  I 

27,  T.  63-10  ;  south  shore  of  Kawishiwi  river.  This  rock  is 
dly  a  red  syenite  like  the  original  No.  994,  but  in  places  it  is 
dish, — see  No.  107,  whieh  is  similar  to  the  original  No.  994  ; 

enough  of  this  reddish  rock  could  be  found  for  the  speci- 
18.    This  rock  (No.  105)  s(*enis  to  giade  into  No.  108  and 
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Xo.  109:  the  latter  h<U)  Rome  biotite  and  the  exposures  show  a 
rather  distinct  bedding,  while  the  exposures  of  Xo.  105  do  not. 
Leutieuliir  pieces  of  a  greenish  chloiitic  schist  (Xo.  110)  are 
found  in  a  few  places  in  Xo.  105.     15th  An.  Rep.,  p.  353. 

Xo.  1044.  (8.")): — Gneissic  (syeuitic!)  rock,  south  shore  of  tie 
little  Ivay  at  the  southeast  side  of  Keke<iuabic  lake,  S.  E.  lof 
S.  W.  ]  sec.  2,  T.  (U-7.  The  specimens  were  taken  from  the 
only  outcrop,  on  the  south  side  of  this  bay,  where  bamner 
marks  were  seen.  The  rock  contains  many  small  dark  masses, 
apparently  chloritic,  as  shown  by  Xo.  85 :  none  of  these  were 
over  an  inch  in  diameter.  In  a  few  places  this  dark  mineral  is 
collected  into  rather  indistinct  vein-like  forms,  but  there  is  no 
marked  contrast  between  these  *•  veins"  and  the  surroanding 
rock.     15th  An.  Kpp.,  p.  3fU. 

Xo.  1049,  (87): — Biotite  gabbro,  somewhat  pebbly,  east  side 
of  sec.  4,  T.  64-7,  Kekequabic  lake.  The  water  was  so  high  that 
the  specimens  could  not  be  collected  in  the  bay  in  the  east  side 
of  sec.  4,  so  they  were  taken  from  the  X.  E.  i  of  the  S.  E.  J  of 
sec.  4:  here  t)ie  rock  seems  to  be  the  same  as  in  the  bay.  The 
pebbly  structure  of  the  rock  is  shown  only  where  it  has  beea 
water  worn.  At  this  place  the  gabbro  lies  on  some  gray  earthy 
slate.  The  slate  w;is  down  at  the  water  b  edge  and  there  w« 
only  a  vory  small  area  of  it.  so  not  much  could  be  determined 
ri>iKvrniii^  it.  X  '  abrupt  contact  could  be  seen  l>etween  the  two 
roiks:  therr  was  a  transition,  occupying  perhai>s  two  feet,  from 
tlir  gray  rariliy  slatr  Xo.  SS  .  through  Xos.  89  and  90.  to  the 
^Mbbro    No.  S7  .    loth  An.  Kep.,  p.  .SG4. 

Xo.  ifi"^!).  *»l  :  -  Kint'-graincd  gabbro  from  the  top  of  thesame 
bluiV.  as  fii'iii  whiL-h  X<».  104t»  wius  takt-n.  The  specimens  veK 
talv»Mi  al'i'u:  :;:»  i'.m-i  abovr  the  water.  X.  E.  j  of  S.  E.  i  of  sec. 
4.  T.  ♦W-7.  K»  ki-.^ual«if  laki*.     loth  An.  Rep.,  p.  364. 

No.  l'»'^».  m;  : — lIorMblriid*/  porphyry  from  the  north  shore 
of  K.k.-4U.riMi-  laki-.  N.  K.  ;  of  sec.  :>r».  T.  05-7.  Within  a  fer 
i:M'lii<  this  i-.'vk  vaiirs  iniuh.  the  hornblende  crvstals  hecomiog 
siii:i!'.i!'  :i!ni  Trwr:  ui  Tiuiirorr  ami  Sometimes  almost  wantiw;'. ^s 
>h.>v!i  :*y  i:>' >v.Kil!  sj »♦.'«,■  inu-ii  No.  iC-.  The  rock  is  very iianl 
ai'«l  L^'riuii  a'-il  riric**  -ik*-  ir«»u  when  .struck  bv  the  hawmerif 
\v* '. ;  11  •  • ; :: . y  *..•:.: .• : : >  <. :  y>r a  1  >  u f  i ron  pyrites.     See  Xo.  751.    M 

\\\.    Krl'..    '.\     ••'7. 

ft  k 

No.    loMN,     :,i  ;     1>. .'..■!%!«•.   inmi  N.  E.   ',  of  sec.  24,  T.  0')4i 

« 

a  boll :  a  t:!.'.::*:  ■  :*a  :...'.  •  >-'i::iii-a>t  from  the  shore  of  Ogi^^^*^ 
Minu  w  :.iki .      liiS  :  .■.  k  .  ■  .-lain.-  considerable  of  a  pinkish  mic- 
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probably  calcitej;  this  mineral  also  occurs  in  giuall  veins 
iiires  in  the  rock,  shown  by  No.  71.  15th  An.  Rep.,  p.  371; 
16th  An.  Rep.,  p.  95-«. 

.  1073,  (69): — Coaree -join ted  massive  rock,  apparently 
us,  mouth  of  Ogishke-Muncie  creek,  N.  E.  \  of  S.  E.  i  sec. 
.  65-6;  Ogishke-Muncie  lake.  This  rock  overlieis  the  fol- 
g,  which  see.  In  some  places  the  rock  hius  cherty  spots,  as 
11  in  the  smaller  specimen  (Xo.  69),  probably  pieces  of  the 
(No.  1074).     15th  An.  Rep.,  p.  372. 

,  1074,  (fiS): — Fissile  black  slate,  baked  and  closely  jointed, 
h  of  Ogishke-Muncie  creek,  N.  E.  ]  of  S.  E.  i  sec.  26,  T. 
Ogishke-Muncie  lake.  No  specimens  could  be  obtained  at 
mtact  with  the  overflowing  lock  (see  above.  No.  1073),  jis 
the  slate  was  much  broken;  the  specimens  collected  are 
the  point  made  by  the  creek  and  the  lake  shore,  which 
i  is  but  a  few  yards  west  of  No.  1073.  At  this  place  the 
plainly  dips  20°  S.  of  E.  at  an  angle  of  about  80°.  No.  68  A 
obtained  just  below  the  contact,  while  No.  68  B  is  from  a 
{  of  the  slate  included  in  the  overlying  rock.  The  slate  has, 
aces,  a  decidedly  conchoidal  fracture  Jis  shown  by  No.  68C. 
weathered  surfaces  on  the  specimens  marked  68  show  an 
rently  sedimentary  banding  which  is  parallel  with  the  slaty 
Jture.     15th  An.  Rep.,  p.  372. 

K 1094,  (86): — Gray  porphyritic  rock,  representing  an  altered 
Itinerate,  from  the  point  which  hjus  the  corners  of  sees.  29, 
1,  and  32,  T.  65-6;  north  shore  of  Kekeijuabic  lake.  The 
imens  were  taken  from  the  southejist  side  of  the  point,  or  in 
S^  W.  1  of  N.  W.  1  sec.  32,  T.  65-6.  No.  8(j  shows  a  small 
3t*  the  greenish  nodules  or  pebbles.  15th  An.  Rep.,  p.  368; 
An.  Rep.,  p.  100. 

).  1098,  (96): — Conglomeritic  chlorite  schist,  from  the  north 
e  of  Kekequabic  lake  where  it  is  crossed  by  the  line  between 
^  and  65-7.  The  small  amount  of  the  rock  left  uncovered  by 
>orphyry  and  its  decayed  condition  mad<?  it  leather  difficult 
*good  specimens.  15th  An.  Rep.,  p.  367. 
>.  1100,  (93):  — Reddish  syenite,  island  in  sec.  3,  T.  64-7, 
^iual»ic  lake.  No.  1 100  is  described  from  the  most  westerly 
i  in  the  lake,  but  this  island,  which  is  just  east  of  the  point 
'  S.  W.  1  of  N.  W.  1  of  sec.  3,  is  small  and  low  and  is  made 
^  condition  of  the  green  chlorite  schist  (No.  94);  the  small 
*  just  northeast  of  the  last,  seems  to  hav^e  no  rock  in  place, 
^ng  the  shore  are  many  fragments  of  feldspar   porphyry 
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rXo.  95 \  fThe  specimens  (Xo.  1100)  were  taken  from  a  largei 
island  in  the  S.  E.  \  of  X.  W.  V  sec  3,  just  west  of  Animike 
island.     ir>tli  An.  Rep.,  p.  362. 

No.  1100,  n<Mr):—FelHitic  schist,  from  the  portage  from  Fail 
lako  to  Newton  lake,  S.  \V.  i  of  sec.  3,  T.  63-11.  The  specimens 
were  collecteil  from  the  south,  or  Fall  lake,  end  of  the  portage. 
15th  An.  Rep.,  p.  356. 

No.  1128,  (120.1: — ''Gabbro''  cut  by  intrusive  syenite:  X. 
W.  }  of  S.  E.  \  sec.  6,  T.  62-11.  White  Iron  lake.  See  No.  1128, 
15th  An.  Rep,,  p.  331. 

No.  1120,  (130':— Intrusive  granite  (syenite),  N,  W.  i  ofS.R 
J  of  sec.  6,  T.  IV2-11.  White  Iron  lake.  Nos.  1128  and  1129  are 
from  the  place  frrom  which  Dr,  Wadsworth  took  the  original 
specimens.  The  "gabbro''  is  not  similar  to  the  ordinary  labra- 
dorite  gabbro;  it  is  perhaps  a  biotitic  diabase.  No,  131  is  the 
syenite  taken  from  a  dike  in  the  diabase.  No.  1129  (130)  is.  I 
think,  a  fair  sample  of  the  syenite  found  about  White  Ironlakft 
15th  An.  Rep.,  p.  331. 

No.  1132,  (127): — Black  hornblende  gneiss,  east  shore  of 
White  Iron  lake.  Just  south  of  the  line  between  sees.  6  and  7  <rf 
T.  62-11.  A  set  of  specimens  could  not  be  obtained,  as  the 
gneiss  only  occurred  in  small  miisses  in  the  syenite  and  here  the 
surface  was  worn  smooth  by  glaciation.  No.  127  shows  the  coo- 
tact  V)rtweeu  the  gneiss  and  the  syenite.     15th  An.  Rep.,  p.  33L 

No.  1134,  1.124: — ^lieaceous  '^gabbro,-'  or  rather  biotite 
honinU-nde  schist,  cut  by  veins  of  granite  (syenite):  N.  W.  }  of 
S.  K.  see.  12.  T.  i>2-12.  e<ist  side  of  White  Iron  lake.  The 
spi-eiiiuMis  Wfre  collect etl  from  the  place  where  Dr.  Wadsworth 
obtaiiii'd  ihe  original  ones.  Al)Out  70  yanLs  west  of  this  place  is 
tlu*  uiurrup  dfxribi'd  ]»y  Dr.  Alex.  Winchell  in  the  15th  annual 
re]Hni  >»m.'  p.  77.  halt  211  •.  Here  the  hornblende  schist  is  rep- 
n-si'nti-d  by  No.  125,  and  the  granite  by  No.  126.  These  two 
ontrPi'pN  an*  eonneeled  by  a  ridge,  in  which  the  rock  is  not  ex- 
l)OM'd.  bill  ih»'  sehisr  found  at  the  e:ist  end  (No.  124)  is  probably 

ihi-  sanir  a>  that  at  rhr  other  end  (No.  125).     15th  An.  Rep..  ?■ 

•»  .■* « 

O-M. 

No.  li;>7.  122  : — Fiut- grained  gabbro,  looking  like  diabase, 
inun  a  i)«'iin  a  -^horr  disninre  west  of  the  line  between  sees.  2* 
aiul  2."».  T.  t;»2-rJ:  iiorih  >hore  of  Birch  lake.  This  seems  tol»e» 
iuu'v  ixwunvil  ooiidiiiitM  uf  the  ordinary  labradorite  gabbro.  The 
.'s|Hrinu'n>  weri-  i«i»i:iined  from  the  west  side  of  the  little  bay  w 
thr  S.  K.      v'f  S.  W.      siv.  24.     15th  An,  Rep.,  p.  J>32. 
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To.  1138.  Ferruginous  olivine  rock,  about  15  rods  from  the 
re;  S.  B.  i  of  8.  W.  i  sec.  24,  T.  62-12;  Birch  lake.  No  speci- 
QS  of  this  were  collected,  as  a  set  of  25  (No.  960)  was  col- 
jed  in  1886.  It  is  a  part  of  the  great  quartzyte  formation 
nimike)  lying  along  the  southern  side  of  the  Giant's  range, 
h  An.  Eep.,  pp.  332  and  335. 

fo.  1278,  (8): — Kewatin  schist,  mouth  of  the  creek,  east  end 
>be  long  bay,  north  side  of  Gunflint  lake.  This  is  the  most 
tern  exposure  of  the  Kewatin  on  Gunflint  lake.  The  rock  at 
I  shore  was  so  cracked  and  broken  that  only  four  specimens 
re  collected;  these  are  marked  1,278A.  (8A).  The  rest  of 
i  specimens  were  taken  from  a  low  outcrop  about  10  rods  back 
m  the  shore;  the  schist  here  is  similar  to  that  at  the  shore,  but 
lot  so  much  decayed  and  is  apparently  more  siliceous.  16th 
I.  Bep.,  p,  67. 

Jfo.  1282,  (9): — Gray  gneissoid  rock,  slightly  porphyritic; 
)re  of  the  long  bay,  north  side  of  Gunflint  lake.  The  speci- 
ms  collected  do  not  answer  exactly  to  the  description,  but 
sy  are  a  part  of  the  same  rocks.  16th  An.  Eep.,  p.  68. 
N^o.  1283,  (10):— Porphyrel;  bluffnorth  shore  of  Gunflint  lake. 
le  specimens  were  taken  from  a  vertical  clilf  on  the  lake  shore, 
out  tliree-fourths  of  a  mile  west  of  the  east  end  of  the  long 
y.    16th  An.  Rep.,  p.  68. 

So.  1312,  (60): — Fine-grained  trap,  from  the  west  side  of  the 
rrows  of  Gunflint  lake;  S.  E.  i  of  N.  W.  \  of  sec.  19,  T.  65-3. 
places  this  trap  holds  crystals  of  feldspar  which  sometimes  are 
iDch  long. 

So.  1316,  (46): — Syenitic  gneiss  from  the  north  side  of  Black- 
bay,  Gunflint  lake.     16th  An.  Rep.,  p.  73. 
So.  1318,  (61): — Diabase  dike  in  the    syenite,   first  falls  of 
Lnflint  river,  north  of  Gunflint  lake.     See  this  report  under 
LDflint  lake. 

So.  1340,  (43): — Purplish -gray,  vitreous  quartzyte  (Pewabic 
artzyte),  J  mile  we«tof  the  ore  pit,  Chub  lake;  X.  E.  1  of  sec. 
,  T.  65-4.     16th  An.  Rep.,  p.  85. 

No.  1371,  (72):— *^  Marble"  from  east  side  of  Ogishke-Muncie 
ce;  N.  E.  i  of  sec.  24,  T.  65-6.  The  place  where  the  speci- 
ins  were  collected  is  probably  where  the  section  (p.  371,  15th 
1.  Rep.)  was  made.  Xo.  73  shows  a  softer,  more  schistose  por- 
►n  of  No.  72.  No.  74  are  some  of  the  angular  pieces  included 
Xo.  72.  No.  75  shows  a  soft  greenish  (probably  talc)  mineral 
indin  the  '*  marble ''(Xo.  72).  IGth  An.  Rep.,  pp.  95  and  96; 
»,  under  No.  1069,  15th  An.  Rep.,  p.  371. 
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No.  1400,  (92):  —  Chloritic  schist  from  the  small  islan 
the  north  shore  and  J  list  west  of  the  narrows  of  Kekequabi 
This  ishmd  is  in  the  X.  W.  i  of  N.  E.  i  sec.  36,  T.  65-7;  M 
a  miK'li  smaller  island  just,  east  of  it  and  also  one  north 
16th  An.  Rep.,  p.  102. 

Xo.  1428,  (OS); — Dark  siliceous  slate,  from  the  E.  ^  ofl 
sec.  28,  T.  65-7;  Knife  lake.  This  slate  varies  from  grai 
black;  the  specimens  collected  are  gray,  as  this  colore* 
made  up  most  of  the  point.     16th  An.  Eep.,  p.  109. 

No.  1436j  (90); — MicjictH)  syenitic  gneiss,  from  Opinin 
Basswood  lake.  This  island  is  in  sec.  10  (probably  N.  E. 
W.  1),  T.  64-10.     16th  An.  Rep.,  p.  110. 

Twenty-five  specimens  of  the  confflonwrUie  st/f^nite  from 
naga  hike  were  also  collected.  The  writer  numbered  these  6< 
67  shows  the  syenite.  This  roc'k  is  described  by  Dr.  Alex.  Wi 
in  the  16th  An.  Rep.,  pp.  219-222,  and  p.  334;  also  in  the  A 
can  Geologist,  vol.  Ill,  No.  3,  p.  153. 

V.    Barometrical  Elevations. 

On  the  trip  from  Gunfiint  lake  south  to  Bnil^  lake  and  i 
to  Ogishke-Muncie  lake  the  elevation  of  each  lake  was  n 
from  readings  of  an  aneroid  barometer.  The  following  ti 
gives  the  elevation  of  each  hike  above  lake  Superior  and 
above  the  st^a  level.  The  elevation  of  Gunllint  lake  (the  rt 
ing  point)  above  lake  Superior, — 1,052  feet, — is  taken  from 
0th  An.  Kep..  p.  81.  The  highest  water  noted  is  Lost  lake  vl 
is  1,427  feet  above  lakt'  Superior,  or  2,020  feet  above  tlie  sea. 

Feet  iL})Ove     r«*« 
lake  Superior.      Ok 

Guntlint  lake im  1 

Lotmlukf  •.VX^  It.  above  Guntlint  lak»-^ 1247  1 

Mavhew  lake  1 110  I'eet  above  Lm>n  lakei I'i57  1- 

Jn»n  lake  .s;une  hiirbt  as  Mavbew  lake! l.'J57  ^^ 

Portage  lake    *2.")  I't.  above  Iron  lake) I-'WJ  I'* 

Poplar  lake   -Jn  ft.  below  Tortaj^e  lake) V.iG2  1^ 

Struubt  lake    vJo  ft.  beli»\v  Toplar  lake' 1-^7  1'^ 

Caribou  lake  ^lU  ft.  below  Straigbt  lake  l'i-27  ^^ 

Meetls  lake  .  In  It.  abovo  CariUMi  lake) I3:J7  ^^ 

Nortb  nruk'  lake  f20  ft.  brkiw  Caribou  lake) I.'W7  ^^ 

Stray  lake  ^;iO  ft  above  North  Bruit*  lake'i 1^  ^^* 

G:iskanas  lake    l'^  ft.  above  Stray  lakei 13.^'2  1^ 

Winehell  lake  .WO  ft.  above  Ga>kanji3  lake) 1:^2  1^ 

Shiim  lake  ■  15  ft.  above  Winebell  lake- l'»"  ^^ 
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Feet  altove       Feet  above 
lake  8iir>erior.       tlie  sua. 

ove  Sham  lake), 1427  20*29 

elow  r^st  lake) i:io2  1954 

bi'low  Brule  lake), 1:546  1J)48 

t.  alM>ve  lake  Ocori^ia), 1347  1949 

i-jht  118  Surveyors  lake) 1:M7  1949 

ft.  below  Fonnil  lake) 1317  1919 

below  lake  Ida  Belle), 1302  1904 

>  ft.  below  Narrow  lake) 1277  1H79 

elow  Kiskadiuna  lake) 1217  1819 

ilwve  Koniid  lake), 1252  1854 

bove  Draper  lake) 1292  1894 

i^bt  as  lake  Xo.  1), 1292  1894 

bove  lake  No.  2), 1307  1909 

il»ove  lake  No.  3), 1347  1949 

i«,'bta.slake  No.  4), 1347  1949 

.elow  lake  No.  5) 1322  1944 

30  ft.  below  lake  No.  6) 1202  1894 

below  Flyiim  Cloud  lake) 1227  1829 

)  ft.  below  Kakej^o  lake) 11(>7  17»;9 

?  (20  ft.  below  Clotbes  Pin  lake) 1147  1749 

jelow  (>abeiiiiehigaiua  Like), 1144  174(5 

>w  Ai^amok  lake), 1114  1716 

e  (60  rt.  below  Fox  lake) 1054  *1656 

1102  +1704 

ove  Wilder  lake), 1106  1708 

LTE  OF  Rock  Sampled  to  Illustrate  the 
oTEs;  Collected  by  Uly.  S.  Grant  During 
OF  1888. 

rock  samples  are  of  museum  size;  and  iu  immy 
one  specimen  wjis  collected,  to  represent  a  cer- 
'his  is  especially  true  of  the  iron  ores,  of  each  of 
eces  wei'e  taken  for  analysis.  The  sjimples  liave 
n  the  rooms  of  the  survey.  Tliey  are  numbered 
,  inclusive;  the  figures  are  green, — paris  green 
•lve<l  in  alcohol  being  u.sed;  after  each  number 
laced. 

inclusive,  were  placed  on  an  ishmd  which  was 
m  by  a  fire,  and  all  tlie  labels  destroye<l  and  the 
lored.      These  specimens    have   not  been   pre- 


ytli  An.  Itep.,  p.  84,  O^l-^hke-Mniifie  lake  Is  l,i'll  ft.  .•il)Ove  the  sea;  andi 
».  :<?*l,  it  ii*  l,''«i7  ft.  aN>v.'  the  -m  a. 

it. 
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1.  Magnetic  iron  slate  and  jasper,  N.  i  of  sec.  SS^  T.  66-6; 
Ottertraek  lake;  80  rods  south  of  the  lake  shore.     P.  151. 

2.  Same  as  No.  1.     P.  151. 

3.  Magnetic  iron  slate  and  jasper,  N.  E.  \  of  N.  W.  \  sec.  27, 
T.  66-0  (if  the  TJ.  S.  sections  were  extended  northward);  north 
shore  of  Ottertraek  lake.     P.  151. 

4.  Gray waeke- like  rock  north  shore  of  Ottisrtrack  lake,  just 
west  of  Xo.  3.     P.  151. 

5.  Graywackelike  rock,  north  shore  of  Ottertraek  lake,  just 
east  of  No.  3.     P.  151. 

6.  Coarse  syenite,  small  island  in  the  S.  E.  i  of  S.  B.  V  sec 
13,  T.  65-4;  Giiiittiut  lake.     P.  152. 

7.  Hornblende  schist  in  syenite;  same  locality.     P.  152. 

8.  Sericitic  schist,  at  the  shore  near  the  oast  end  of  the  long 
bay  on  the  north  side  of  Guntiint  lake.  Same  as  No.  1278  (N. 
H.W.).     P.  199. 

8A.     Same  as  No.  8,  but  apparently  more  siliceous.     P.  199. 

9.  Gray  gneissic  rock,  almost  porphyrel;  north  shore  of  the 
long  bay  on  the  north  side  of  Gunflint  lake.  Same  as  No.  1282 
(N.  H.  W.).    P  199. 

10.  Porphyrel,  on  the  shore  about  three-fourths  of  a  mile  west 
of  the  east  end  of  the  long  bay  on  the  north  side  of  Gunflint 
lake.     Same  as  No.  1283  (N.  H.  W.).     P.  199. 

11.  Sericitic  schist,  north  shore  of  Gunflint  lake;  section  L 
P.  152. 

12.  Earthy  schist,  north  of  Gunflint  lake;  section  I.     P.  153. 

13.  Fine  porphyrelloid  rock,  north  of  Gunflint  lake;  section 
I.     P.  153. 

14.  A  coarser  condition  of  13,  north  of  Gunflint  lake;  section 
T.     P  153. 

15.  A  finer  condition  of  13,  north  of  Gunflint  lake;  section  I. 
P.  153. 

16.  Black  slate,  north  of  Gunflint  lake;  section  I.     P  153. 

17.  Trap  rock,  north  of  Gunflint  lake;  section  I.     P  153. 

18.  Pine  trap  from  outer  edge  of  dike,  north  of  Gunflint  lake; 
section  T.     P  153. 

19.  Trap  from  centre  of  same  dike,  north  of  Gunflint  lake; 
section  1.     P  153. 

20.  Sericitic  schist,  north  of  Gunflint  lake;  section  1.     P  153. 

21.  Black  slate,  north  of  Gunflint  lake;  section  T.     P  153. 

22.  Fine  gabbro,  north  of  Gunflint  lake;  section  I.     P.  153- 

23.  Black  slate,  north  of  Gunflint  lake;  section  I.     P.  153. 
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Porphyrel,  north  of  Gunliint  lake;  section  I.     P.  151. 
Gray,  somewhat  micaceous  schist;  north  of  Gunliint  lake; 
on  I.     P.  154. 

Hornblende  schist,  north  of  Gunflint  lake;  section  I.     P. 

Hornblende  schist,  north  of  Gunflint  lake;  section  I.     P. 

Mica-schist,  north  of  Gunflint  lake;  section  I.     P.  154. 
Feldspathic  schist,  north  of  Gunflint  lake;  section  I.     P. 

Hornblende  schist,  north  of  Gunflint  lake;  section  I.     P. 

Hornblende  schist,  north  of  Gunflint  lake;  section  I.     P. 

Mica-schist,  north  of  Gunflint  lake;  section  I.     P.  154. 
Hornblende  schist,  north  of  Gunflint  lake;  section  I.     P. 

Syenitic  gneiss,  north  of  Gunflint  lake;  section  II.  P.  155. 

Hornblende  schist  inclosed  in  gneiss,  north  of  Gunflint 
section  n.     P.  156. 

Trap  from  dike  in  gneiss,  north  of  Gunflint  lake;  section 
P.  156. 

Maguetitic  portion  of  this  dike,  north  of  Gunflint  lake; 
on  II.     P.  156.      - 

Gray    earthy  slate,  north  of  Gunflint  lake;  section  II. 
)7. 

Porphyrel,  north  of  Gunflint  lake;  section  11.     P.  157. 

Schistase  dike  rock,  north  of  Gunflint  lake;  section  II. 
)7. 

Finer  portion  of  No.  40,  north  of  Gunflint  lake;  section 
P.  157. 

Porphyrel  inclosed  in  dike,  north  of  Gunflint  lake;  sec- 
11.     P.  157. 

Purplish-gray,  vitreous  quartzyte  (Pewabic  quartzyte); 
.  i  of  sec.  29,  T.  65-4,  Chub  lake.    Same  as  Xo.  1340  (X.  H. 

P.  199. 

Magnetic  iron  ore  from  the  pit  at  Chub  lake,  N.  E.  }  of 
29,  T.  65-4.     P.  160. 

Quartzyte  core  from  drill;  Chub  lake,  N.  E.  i  of  sec.  29, 
>-4.     P.  160. 

.    Syenitic  gneiss  from  the    north  side  of  Blackfly   bay, 
flint  lake.     Same  as  No.  1316  (N.  H.  W.).     P.  199. 
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47.  Gray,  re<l -weathering  schist,  north  shore  of  Gunfl 
lake;  section  III.     P.  157. 

48.  Black  llinty  slat<%  north  of  GanAint  lake;  section  1 
P.  157. 

49.  Soricitic   schist,    north   of   Gunflint  lake:    section 
P.  157. 

50.  Gabbro,  uortli  of  Gunflint  hike;  section  III.     P.  157. 

51.  Hornblende-feldspar  schist,  north  of  Gunflint  lake: 
tion  III.     P.  158. 

52.  Hornblende  schist,   north  of  Gunflint  lake:  section 
P.  158 

53.  Mica  schist,  nortli  of  Gunflint  lake;  section  III.    P. 

54.  Hornblende  schist,  north  of  Gunflint  lake;  section 
P.  158. 

55.  Very  coars(»ly- crystalline  hornblende  schist,  uortli 
Gunflint  lake;  section  III.     P.  158. 

56.  Same  as  55,  north  of  Gunflint  lake;  section  III.    P.  11 

57.  Keddish  syenite,  north  of  Gunflint  lake;  section  III. 
158. 

58.  Syenitic  gneiss,  north  ot  Gunflint  lake;  section  III. 
158. 

58A.  Same  as  58,  but  showing  the  gneissic  structure  beti 
north  of  Gunflint  lake;  section  III.     P.  158. 

51).  Syenitic  gneiss,  north  of  Gunflint  lake;  section  III. 
158. 

60.  Fine  grained  trap,  from  the  west  side  of  the  narrow 
Gunflint  lake;  S.  E.  i  of  X.W.  I  sec.  19,  T.  65-3.  Same  i« 
1312  (N.  II.  W.).     P.  109. 

()1.  Diabitse  from  dike  in  syenite,  first  falls  of  Gunflint  ri 
north  of  (Junllint  lake.     Same  as  Xo.  1318  (N.  H.  AV.).    P. : 

61  A.     Fine  condition  of  Xo.  61.     P.  160. 

62.  Sy<'intic  gneiss,  first  falls  of  Gunflint  river  north  of  G 
flint  lake.      \\  160. 

6.3.     A  condition  of  Xo.  61.     P.  161. 

64.  A  condition  of  Xo.  61,  showing  pitted  surface.     P.  1<J 

65.  ir«)riil)l('nde  schist  in  Xo.  62;  firet  falls  of  Gunflint  ri 
north  ofCJiinllint  lake.     P.  161. 

66.  <'<)n;^loni(Mitic  syenite  from  Saganaga  lake.     P.  200. 

67.  Sy«Miit('.  Saganaga  lake*.     P.  200. 

6.S.     r>l}Hk  slate,  mouth  of  Ogishke-Muncie  creek,  X.  E 
S.  K.    ':  srf.   2»;,  T.   6.V(;:  (.)gishke-Muncie  lake.     Same  Jis  i 
1071  .\.  11.  W.\      P.  197. 
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lA.     Broken  condition  of  No.  68.     P.  197. 

B.  Portion  of  No.  68  included  in  No.  69.     P.  197. 

C.  Showing  conchoidal  fracture  of  No.  68.     P.  197. 

.  Cbarse-jointed  massive  rock,  apparently  igneous,  mouth 
)gishke-Muncie  creek,  N.  E.  i  of  8.  E.  J  sec.  26,  T.  65-6; 
jhke-Muncie  lake.  Same  as  No.  1073  (N.  H.  W.).  P.  197. 
>.  Doleryte,  about  a  quarter  of  a  mile  southeast  from  the 
"e  of  Ogishke-Muncie  lake;  N.  E.  1  of  sec.  24,  T.  65-6.    Same 

0.  1068  (N.  H.  W.).    P.  196. 

.     Oalcite  from  veins  in  No.  70. 

1.  "Marble''  from  east  side  of  Ogishke-Muncie  lake;  N.  B. 
sec.  24,  T.  65-6.     Same  as  No.  1371  (N.  H.  W.).     P.  199. 

I.    Softer  and  more  schistose  portion  of  No.  72.    P.  199. 

t.    Angular  siliceous  pieces  in  No  72.     P.  199. 

).    Portion  of  No.  72  showing  a  soft  greenish  mineral. 

>.    Gray  quartzyte,  S.  E.   k  of   N.  B.   J   sec.  24,  T.  65-6; 

shke-Muncie  lake.     P.  161. 

1.    Black  slate,  S.  E.  J  of  N.  E.  J  sec.  24,  T.  65-6;  Ogishke- 

ncielake.     P.  161. 

5.    Siliceous  band  in  No.  76.     P.  162. 

I    Transition  rook  from  No.  78  to  No.  82.     P.  162. 

).    Tmnsition  rock  from  No.  78  to  No.  82.     P.  162. 

-     Transition  rock  from  No.  78  to  No.  82.     P.  162. 

.     Bock  composed  mostly  of  calcareous  or  dolomitic  mat- 

S.  E.   }  of  N.  E.  i  sec.  24,  T.  65-();   Ogishke-Muncie  lake. 

>2. 

Part  of  Ogishke-Muncie  conglomerate;  S.  E.  i  of  N.  E.  i 
i4,  T.  65-6;  Ogishke-Muncie  lake.     P.  162. 

Matrix  of  Ogishke-Muncie  conglomerat'e;  from  Camper's 
a,  8.  E.  \  of  S.  W.  1  sec.  23,  T.  65-6;  Ogishke-Muncie  lake. 
^  as  No.  744  (N.  H.  W.).     P.  194. 

Gneissic  (syenitic?)  rock,  south  shore  of  the  little  bay  at 
^utheast  corner  of  Kekequabic  lake;  S.  B.  1  ofS.  W.  1  sec. 
<34-7.     Same  as  No.  1044  (N.  H.  W.).     P.  19<). 

Gray  porphyritic  rock,  from  the  point  which  has  the  cor- 
:>f  sees.  29,  30,  31,  and  32,  T.  65-G;  Kekequabiclake.  Same 
^.  1094  (N.  H.  W.).     P.  197. 

Biotite  gabbro,  N.  E.  \  of  S.  E.  i  sec.  4,  T.  64-7;  Keke- 
iclake.     Same  as  1049  (N.  H.  W. ).     P.  196. 

Gray  eaithy  slate,  N.  E.  J  of  S.  E.  }  sec.  4,  T.  64-7 ;  Keke- 
Vc  lake.    P.  196. 

Transition  from  the  slate  (No.  88)  to  the  gabbro  (No.  87). 


■I 
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90.  Transition  from  the  slate  (No.  88)  to  the  gabbro  (Xo.  87). 
P.  U)6. 

91.  Finegrained  gabbro,  from  the  top  of  tlie  blnflFfrom  which 
No.  87  was  taken:  X.  E.  \  of  S.  E.  1  see.  I,  T.  Cl-T;  Kekequabie 
lake.     Same  its  No.  1050  (N.  H.  W.).     P.  196. 

92.  Clilorite  schist,  N.  W.  \  of  N.  E.  i  sec.  36,  T.  65-7;  Keke-  j 
quabic  lake.     Same  as  No.  1409  (N.  PL  W.).     P.  168. 

93.  Keihlish  syenite,  from  an  ishmd  in  Kekequabie  lake:Sw 
E.  !  of  N.  W.  i  sec.  3,  T.  (>  1-7.  Same  Jis  No.  1100  (N.  H.  W.). 
P   197. 

91.  A  condition  of  the  green  chlorite  schist,  from  islaudin 
the  S.  ^y.  1  of  N.  W.  }  s(Ht.  3,  T.  64-7;  Kekequabie  lake.  P. 
197. 

95.  Feldspar  porphyry,  from  an  island  just  northeast  of  the 
last:  S.  W.  1  of  N.  W.  1  sec.  :{,  T.  64-7;  Kekequabie  lake,  P. 
198. 

9f).  Conglomeritie  chlorite  schist,  from  the  north  shore  of 
Kekeciuabic  lake  where  it  is  cross<*d  by  the  line  between  T.  ^ 
and  T.  65-7.     Same  a.s  No.  1098  (N.  H.  W.).     P.  197. 

97.  Ilornljlende  porphyry,  from  the  north  shore  of  Kekeqna- 
bic  lake:  N.  E.  1  of  sec.  36,  T.  ()5-7.  Same  as  No.  1059  (X.H. 
W.).     P.  196. 

9S.  (J ray  siliceous  slate,  from  Knife  lake;  E.  •]  of  N.  E.  1  sec. 
1>8,  T.  <i5-7.     Sann^  as  No.  1428  (N.  H.  W.  ).     P.  200. 

!»9.  Mira<HM)-.syenilic  gneiss,  irom  Opinin  island,  Ba.ssw(H.id 
lake;  s.»i*.  10,  T.  ()4-10.     Same  as  No.  1436  (N.  H.  W.).    P.  l^"^- 

100.  Fclsilic  schist,  from  the  south  end  of  the  port  a  »^e  from 
Fall  lake  t<»  \»-\vt<>n  lake;  S.  W.  1  of  sec.  3,  T.  63-11.  SameJis 
No.  110'»  iN.  ir.  W. ).     P.  198. 

1 01.  V'lur  grained,  slightly  micaceous,  quartzose  rock:  south 
shore*  of  Kawishiwi  river:  N.  \V.  \  of  N.  W.  }  sec.  27,  T.  (vJ-lO- 
Same  as  N<».  9S9  (X.  H.  W. ).      p.  i!»5. 

lOL*.  (iiny,  nMl-weatherinpj,  gneissic  rock,  from  an  islaml  in 
the  N.  W.  1  of  X.  ^V.  \  s(^c.  27,  T.  63-10;  Kawishiwi  river. 
Same  as  No.  991  (^N.  II.  W.).     P.  195. 

103.     lloinhlcndic  baud  in  No.  102.     P.  195. 

lot.     iroriil)lrndic  l)an<l  in  No.  102.     P.  195. 

105.  UiMJdish  ehloritie  rock,  N.  E.  \  of  N.  W.  1  sec.  2:.T. 
63-10:  south  shore  of  Kawishiwi  river.     P.  195. 

lor,.  Hoiiihh'iidie  gneiss,  N.  E.  I  of  sec.  27,  T.  63-10:  south 
shor<' (►!*  Kawishiwi  river.      P.  195. 

107.     i:ed<lish  rliloritie  syenite.  N.  E.  }  ofN.  \V.  1  sec.  :J'.T. 
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•10;  south  shore  of  Kawishiwi  river.    Same  as  No.  994  (N.  H.. 

).     P.  195. 

08.     Quartzose  schist,  grading  into  No.  105;  same  locality.    P. 

.09.     Quartzose  schist,  with  some  biotite;  same  locality.  P.  196. 
.10.     Chloritic  schist  in  No.  105;  same  lociility.     P.  19<>. 
.11.     Fine  syenite,  from  the  "  Palisades;"  N.  W.  }  of  S.  W.  i 
.  4,  T.  62-10.     Same  as  No.  979  (N.  H.  W.).     P.  195. 
.12.     Fine  grayish  syenite,  a  condition  of  No.  Ill;  same  local- 
.     P.  195. 

L13.  Fine  reddish  syenite,  a  condition  of  111;  same  locality. 
195. 

L14.     Coarse  gabbro,  e,ast  side  of  Birch  lake,  N.  W.  \  of  sec 
T.  61-11.     Same  as  No.  954  (N.  H.  W.).     P.  194. 

115.  Magnetitic  quartzyte,  S.  W.  i  of  sec.  9,  T.  60-12;  south 
Birch  lake.     P.  163. 

116.  Magnetitic  quartzyte,  N,  W.  i  of  sec.  10,  T.  60-12;  south 
Birch  lake.     P.  103. 

117.  Biotitic  gabbro,  S.  W.  i  of  sec.  10,  T.  60-12;  south  of 
rch  lake.     P.  162. 

118.  Same  as  No.  117,  but  showing  dark  bands.  Same  local- 
7.    P.  162. 

USA.     Same  as  118,  but  from  a  loose  piece.     P.  162. 

119.  Gabbro,  N.  A  of  sec.  15,  T.  60-12;  south  of  Birch  lake. 
.162. 

120.  Gabbro,  N.  E.  1  of  sec.  15,  T.  60-12;  south  of  Birch 
ke.    P.  163. 

121.  Breccia  of  mica-schist  cemented  by  granite,  from  the 
tie  point  in  the  N.  E.  1  of  S.  E.  1  sec.  21,  T.  61-12;  Birch 
ce.    Same  as  No.  958  (N.  H.  W.).     P.  195. 

122.  Fine-grained  gabbro,  from  the  west  side  of  the  little  bay 
the  S.  E.  \  of  S.  W.  I  sec.  24,  T.  62-12;  Birch  lake.  Same  as 
^  1137  (N.  H.  W.).     P.  198. 

!-23.  Fine-grained  red  syenite,  from  the  S.  W.  i  of  S.  W.  1 
!•  24,  T.  61-12;  just  east  of  the  line  between  sees.  23  and  24,. 
i  300  feet  north  from  the  shore  of  Birch  lake.  Same  as  No. 
^  (N.  H.  W.).     P.  195. 

^24.  Biotite  hornblende  schist,  N.  W.  1  of  S.  E.  }  sec.  12,  T. 
*12;  east  side  of  White  Iron  lake.  Same  as  No.  1131:  (N.  H. 
O.    p.  198. 

1^25.    Biotite  hornblende  schist.  N.  W.  ]  of  S.  E.  k  sec.  12,  T. 
*12;  east  side  of  White  Iron  lake;  70  yards  west  of  No.  124. 
198. 
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126.  Granite  cutting  Xo.  125:  siime  locality.     P.  198. 

127.  Black  hornblende  gneiss,  just  south  of  the  line  between 
sees.  G  and  7,  T.  02-11;  east  shore  of  White  Iron  lake.  This 
specimen  shows  the  contact  Ix^tween  the  syenite  and  hornblende 
gneiss.     Same  as  Xo.  1132  (X.  H.  AV.).     P.  198. 

128.  Siliceous  schist,  from  **  Silver  City:"  X.  E.  i  of  sec.  32, 
T.  63-11.     Same  as  Xo.  950  (X.  H.  W.).     P.  194. 

129.  Biotitic  diabase  (?)  cut  by  intrusive  syenite,  X.  W.  i  of 
S.  E.  1  sec.  6,  T.  62-11,  White  Iron  lake.  Same  as  Xo.  1128 
(X.  H.  W.).     P.  198. 

130.  Syenite  cutting  Xo.  129;  same  locality.  Same  as  Xo. 
1129  (X.  H.  W.).     P.  198. 

131.  Syenite  taken  from  a  dike  in  Xo.  129;  same  locality. 
P.  198. 

132.  Gabbro,  north  side  of  the  little  bay  in  the  S.  W.  i  of  S. 
E.  }  sec.  15,  T.  63-9;  Kawishiwi  river.    P.  163. 

133.  Magnetitic  iron  ore  in  the  gabbro,  S.  E.  i  of  sec.  15,  T. 
,63-9.     P.  163. 

134.  Muscovado,  S.  E.  I  of  X,  E.  1  sec.  15,  T.  63-9;  60  yards 
northwest  of  the  quarter  post  l)etween  sees.  14  and  15.     P.  163. 

135.  Magnetitic  iron  ore;  same  locality  as  Xo.  134.    P.  163. 

136.  Gabbro,  showing  gneissic  structure;  X.  W.  i  of  sec.  5, 
T.  61-9:  hill  on  east  bank  of  stream.     P.  164. 

137.  Gabbro,  showing  banding  in  Xo.  138;  S.  W.  J  of  sec.  5, 
T.  61-9;  hill  on  west  bank  of  stream.     P.  165. 

138.  Gabl>ro,  from  same  locality  as  X'o.  137.     P.  165. 

139.  Rod  syenitic  gneiss;  S.  1  of  sec.  32,  T.  63-10;  from  a 
small  islan«l  neur  the  southern  shore  of  the  lake.     P.  165. 

140.  Hed  syenite:  S.  ]  of  sec.  32,  T.  63-10;  from  a  small 
island  just  north  of  the  island  whore  X'o.  139  was  found.     P.  165. 

Ml.  Syenite,  with  largo  crystals  of  hornblende;  west  side  of 
the  little  bay  in  the  X.  W.  i  of  X.  W.  \  sec.  32,  T.  63-10,  P. 
165. 

142.  Light  gray  gneiss;  at  the-  portage  in  the  X.  E.  1  of  X.  W. 
{   soc   31,  T.  63-10.     P.  165. 

1 13.     IJornblonde  schist{f)  in  Xo.  142;  same  locality.     P.  165. 

144.  Dark  hornblende  rock,  from  the  southern  shore  of  the 
lake:  S.  ]  of  sec.  32,  T.  (k^-IO.     P.  166. 

145.  Transition  from  Xo.  144  to  the  syenite  like  Xo.  140;  same 
locality  as  X^o.  144.     P.  ir)6. 

146.  To  illustrate  the  same  transition  as  Xo.  145;  same  local- 
ity.    P.  166. 
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L47.    Coarse  gabbro;  west  side  of  the  little  bay  in  the  S.  W.  i 
:N.  W.  I  sec  35,  T.  62-^;  lake  Isabelle.    P.  166. 
L48.    Oranalyte  vein  in  the  gabbro;  a  few  rods  north  of  No. 
7.     P.  166. 

149.  Very  coarse  gabbro;  from  cliff  on  the  west  side  of  the 
•ger  bay  in  the  N.  W.  i  of  sec.  35,  T.  62^;  lake  Isabelle.   P.  166. 

150.  Trap  rock,  S.  W.  \  of  N.  B.  i  sec.  35,  T.  62-8;  lake  Isa- 
lle.     P.  166. 

151.  Ckmrser  condition  of  ]No.  150;  same  locality.    P.  166. 

152.  Coarser  decayed  condition  of  No.  150;  same  locality,  bat 
few  rods  back  from  the  shore.    P.  166. 

153.  Coarser  condition  of  No.  150;  same  locality  as  No.  152. 
166. 

154.  Condition  of  No.  150,  containing  patches  of  biotite;  on 
e  shore,  a  little  north  of  No.  150.     P.  166. 

155.  A  decayed  condition  of  No.  154;  same  locality.     P.  166. 

156.  A  coarser  condition  of  No.  154  and  No.  155;  same  local- 
V.     P.  166. 

157.  Same  trap,   near  contact  with  the  gabbro;  N.  i  of  N, 
i  sec.  35,  T.  62-8,  lake  Isabelle;  on  the  shore,  a  few  stex)S 

nth  of  No.  156.     P.  167. 

158.  Fine  diabase  from  dike,  N.  E.  i  of  N.  E.  k  sec.  35,  T. 
^-8;  lake  Isabelle.     P.  167. 

159.  Diabase  from  dike,  S.  W.  i  of  sec.  30,  T.  62-7;  lake 
abelle.    P.  167. 

160.  Finer  diabase  from  edge  of  the  same  dike  from  which 
:>•  159  was  taken.     P.  167. 

161.  Fine  diabase  from  dike,  W.  *  of  sec.  31,  T.  62-7;  lake 
abelle.    P.  167. 

162.  Very  coarse  gabbro,  north  shore  of  Bellissima  lake; 
^obably  from  sec.  27,  T.  61-7.     P.  167. 

163.  Gray  feldspathic  rock,  8.  W.  i  of  sec.  21,  T.  60-6;  Pine 
ke.    P.  163. 

1.63A    Portion  of  No.  163  showing  dark  siliceous  fragment; 

toe  locality  as  No.  163.     P.  168. 

1.63B.  Transition  from  No.  163  to  No.  164;  same  locality.  P.  168. 

164.  Grannlyte,  S.  W.  i  of  sec.  21,  T.  SO-6;  Pine  lake.  P.  168. 
164 A.  A  darker  and  more  siliccons  condition  of  No.  164; 
:toe  locality.    P.  168. 

165.  Fine  trap,  3.  W.  i  of  sec.  21,  T.  60-6;  Pine  lake.  P.  168. 
165A.     No.  165  containing  fragments  of  No.  164;  same  local- 

y.  P.  168. 

Vol.  Ill— 27. 
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1G56.     A  condition  of  No.  155  A;  same  locality.     P.  168. 

166.  Diabasic  rock,  N.  W.  t  of  sec.  28,  T.  60-6;  Pine  lake. 
P.  168. 

167.  Diabasic  rock,  west  shore  of  Pine  lake;  T.  60-6.  P.  168. 

168.  Very  fine  diabasic  rock,  west  shore  of  Pine  lake;  T. 
60-6.     P.  168. 

169.  Very  fine  diabasic  rock,  west  shore  of  Pine  lake;  T. 
60-6.     P.  168. 

170.  Micaceous  schist,  from  the  syenite;  north  of  Oanflint 
lake.     P.  158. 

171.  Hornblendic  schist,  from  the  syenite;  north  of  Ganflint 
lake.     P.  158. 

172.  Coarse  hornblendic  schist,  from  the  syenite;  north  of 
Gunflint  lake.     P.  158. 

173.  Syenite  holding  hornblendic  schist  fragments;  north  of 
Gunflint  lake.     P.  159. 

174.  Synenitic  gneiss,  north  of  Gunflint  lake.     P.  159. 

175.  Gabbro,  8.  W.  i  of  8.  E.  i  sec.  36,  T.  65-3;  south  shore 
of  Mayhew  lake.     P.  169. 

176.  Lighter  colored  gabbro,  from  end  of  little  point  in  the 
8.  W.  i  of  8.  B.  J  sec.  36,  T.  65-3;  Mayhew  lake.    P.  169. 

177.  Magnetic  iron  ore  in  the  gabbro;  same  locality  as  No. 
176.     P.  169. 

178.  Decayed  gabbro;  on  the  line  between  ranges  2  and  3, 
just  south  of  Mayhew  lake.     P.  169. 

179.  Magnetic  iron  ore  in  the  gabbro,  from  the  point 
crossed  by  the  line  between  sees.  31  and  32,  T.  65-2;  Iron  lake. 
P.  170. 

180.  Magnetitic  gabbro;  same  locality  as  No.  179.     P.  170. 

181.  Fine  muscovado-like  rock,  8.  E.  J  of  N.  W.  J  sec.  4,  T. 
64-2;  Portage  lake.     P.  170. 

182.  Gabbro,  from  the  little  point  in  the  N.  W.  i  of  N.  E.  J 
of  N.  W.  J  sec.  12,  T.  64-2;  Poplar  lake.     P.  171. 

183.  Very  fine  gabbro,  a  condition  of  No.  182;  same  locality. 
P.  171. 

184.  Light  gray  gabbro  with  the  labradorite  collected  together 
in  spots;  8.  E.  i  of  N.  E.  i  sec.  12,  T.  64-2;  Poplar  lake.     P.  171. 

185.  Gabbro,  from  hill  a  quarter  of  a  mile  north  of  Meedrf 
lake,  and  a  little  west  of  the  centre  of  sec.  15,  T.  64r-2.    P.  172. 

186.  Rough  Animike  slate,  N.  W.  i  of  N.  E.  i  sec  14,  T. 
64-2;  Meeds'  lake.     P.  172. 

187.  Gabbro,  8.  E.  i  of  8.  E.  i  sec.  29,  T.  64-2;  north  shore 
of  Winchell  lake.     P.  174. 
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Gk>arse  gabbro,  from  the  point  crossed  by  the  line 
en  sees.  31  and  32,  T.  62-4;  south  shore  of  Winchell  lake. 
k 

Gabbro,  from  the  bluff  in  the  N.  W.  t  of  N.  W.  i  sec.  31, 
-2;  south  shore  of  Winchell  lake.     P.  174. 

Gabbro  holding  some  pinkish  feldspar,  20  feet  above 
59.     P.  174, 

Altered  gabbro,  reddish;  ten  feet  above  No.  190.    P.  175. 

Very  dark  syenite,  two  feet  above  No.  191.     P.  176. 

Very  dark  syenite,  two  feet  above  No.  191.     P.  176. 

Fine  pinkish-gray  syenite,  just  above  No.  193.     P.  176, 
,    Pinkish-gray  syenite,  just  above  No.  194.    P.  175. 
,    Pinkish-gray  syenite,  from  top  of  bluff;  same  locality. 
>. 

Showing  change  from  gabbro  to  syenite;  same  locality. 
). 

.  A  condition  of  the  gabbro,  N.  W.  i  of  N.  W.  }  sec.  31, 
-2;  Winchell  lake,  north  end  of  portage  to  Sham  lake. 
3. 

.    Altered  gabbro,  S.  W.  i  of  N.  W.  i  sec.  31,  T.  64-2; 
end  of  Sham  lake,  at  the  portage  to  Winchell  lake.  P.  176. 
.    Fine  red  syenite,  8.  W.  t  of  N.  W.  k  sec.  31,  T.  64-2; 
ide  of  Sham  lake.     P.  176. 

.     Altered  gabbro  (t),  S.  E.  J  of  8.  E.  J  sec.  36,  T.  64-3; 
the  southwest  corner  of  Sham  lake.    P.  176. 
.    Fine  red  syenite,  S.  E.  i  of  S.  W.  i  sec.  l,  T.  63-3;  west 
►f  Lost  lake.     P.  176. 

.  Dark  siliceous  trap,  S.  E.  i  of  S.  W.  i  sec.  12,  T.  63-3, 
ide  of  bay;  Brul6  lake.     P  177. 

.  A  condition  of  the  gabbro  (t)  a  little  south  of  No.  203. 
7. 

.     Gray  feldspar  porphyry,  from  the  point  in  the  S.  E.  i 
R  J  of  N.  W.  t  sec.  13,  T.  63-3;  Brul6  lake.     P.  177. 
•.    Dark  feldspar  porphry;  same  locality  as  No.  205.  P.  177. 
.     Bed  quartz  porphyry;  a  few  yards  south  of  the  last.     P. 

A.     A  darker  and  more  siliceous  condition  of  No.  207, 

the  contact  with  No.  208;  same  locality.     P.  178. 

i.    Fine  diabase,  in  contact  with  No.  207;  same  locality. 

8. 

.    Diabase-like  rock,  inclined  to  be  amygdaloidal:  small 

i  in  the  S.  B.  k  of  8.  E.  \  sec.  18,  T.  63-3;  Bral61ake.    P.  178. 


212  BEVENTEEOT'H  ANNUAL  BEPO&T 

210.  Gabbro,  S.  W.  i  of  sec.  18,  T.  63-3;  lake  Georgia,  a 
short'  distance  west  of  the  portage  from  Bral6  lake.     P.  179. 

211.  Dark  feldspar  porx)hyry;  lake  Georgia,  a  short  distance 
west  of  No.  210.     P.  179. 

212.  Trap;  near  its  contact  with  the  gabbro  (No.  213);  N.  E. 
1  of  S.  W.  i  sec.  13,  T.  63-4;  north  side  of  lake  Georgia.    P.  179. 

212  A.  Coarser  condition  of  No.  212,  farther  from  the  contact. 
P.  179. 

213.  Gabbro  in  contact  with  trap  (No.  212);  same  locality. 
P.  179. 

214.  Fine  red  syenite,  S.  W.  J  of  sec.  12,  T.  63-4;  Sur- 
veyor's lake,  on  the  portage  going  west  to  Found  lake.   P.  179. 

215.  Diabase,  S.  i  of  sec.  11,  T.  63-4;  hill  on  north  shore  of 
Found  lake.     P.  180. 

216.  Fine  red  syenite  holding  pieces  of  a  darker  rock;  S.  i  of 
sec.  11,  T.  63-4;  north  shore  of  Found  lake.     P.  180. 

217.  Gabbro,  8.  W.  i  of  N.  B.  J  sec.  11,  T.  63-4;  lake  Ida 
Belle.     P.  180. 

218.  Diabase,  S.  W.  i  of  N.  W.  i  sec.  11,  T.  63-4,— just  east 
of  the  line  between  sees.  10  and  11;  lake  Ida  Belle.     P.  180. 

219.  Fine  diabase  from  dike  in  gabbro,  little  point  in  the  S. 
E.  J  of  sec.  10,  T.  63-4;  lake  Ida  Belle.     P.  180. 

220.  Gabbro  cut  by  the  above  dike.     P.  180. 

221.  Fine-grained  rock  resembling  ''muscovado;"  N.  W.  i 
of  sec.  15,  T.  63-4,  near  the  line  between  sees.  10  and  15;  south- 
west of  lake  Ida  Belle.     P.  181. 

222.  Large  crystals  of  hornblende  from  vein  in  gabbro;  south- 
west of  lake  Ida  Belle,  near  the  last  locality.    P.  181. 

223.  Gabbro  rich  in  magnetite;  southwest  of  lake  Ida  Belle, 
near  the  last  locality.     P.  181. 

224.  Magnetite  from  the  gabbro;  N.  i  of  sec.  16,  T.  63-4, 
near  the  lino  between  sees.  9  and  16;  southwest  of  lake  Ida  Belle. 
P.  181. 

225.  Fine  red  syenite,  east  side  of  entrance  to  the  small  baj 
in  the  N.  W.  i  of  N.  E.  i  sec.  10,  T.  63-4;  lake  Ida  Belle.  P. 
181. 

226.  Diabase  from  dike  in  gabbro;  same  locality  as  No.  225. 
P.  181. 

227.  Gabbro;  same  locality.     P.  181. 

228.  Fine  red  syenite  underlying  the  gabbro;  north  side  of 
small  island  in  the  N.  E.  \  of  S.  E.  i  sec.  3,  T.  63-4;  lake  Ida 
Belle.     P.  182. 
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.    Dark  rock  cot  by  veins  of  the  following;  hill  in  the  E. 

ec  3,  T.  63-4;  lake  Ida  Belle.     P.  182. 

.    Fine  red  syenite  from  veins  in   No.  229;  same  locality. 

2. 

.    Showing  contact  of  Noi3.  229  and  230.  P.  182. 

.    Fine  red  syenite  from  vein  in  gabbro;  S.  B.  i  of  sec.  35, 

-4,  lake  Ida  Belle;  on  the  portage  going  north.    P.  183. 

.     A  decayed  condition  of  the  gabbro;   S.  B.  i   of  N.  B.  i 

^6,  T.   64-4;  west  shore  near  the  north  end  of  Narrow 

P.  183. 
*.     Mnscavado,  N.  B.  i  sec.  33,  T,  65-4;  west  shore  of  Dra- 
ike.    P.  184. 

Fine  gray  syenite  underlying  the  gabbro;  probably  in 
.  W.  J  of  sec.  29,  T.  65-4;  on  the  portage  from  lake  No.  3  to 
5^0.  4.     P.  184. 

.    (Jabbro  overlying  No.  234;  same  locality.     P.  184. 
.     Mascovado;  same  locality  as  No.  234.     P.  185. 

Fine  gabbro,   probably  in  S.  i  of  sec.  29,  T.  65-4;  from 
island  in  southern  part  of  lake  No.  4.     P.  185. 
.    Magnetic  iron  ore  from  the  quartzyte,  8.  B.  i  of  S.  B. 

25,  T.  65-5;  sonth  shore  of  Plying  Cloud  lake,  near  its 
rn  end.    P.  185. 

.    Greenstone;  same  locality  as  No.  238.     P.  185. 
.    Magnetic  iron  ore  from  the  quartzyte;  probably  in  the 
i  of  S.  B.  i  sec.  26,  T.  65-5.     P.  186. 
.    Greenstone,  12  feet  north  of  No.  240.     P.  186. 
.    Magnetitic  quartzyte,  just  south  of  No.  241.     P.  186. 
.    Magnetitic  quartzyte  lying  on  No.  244;  probably  in  the 
'.  i  of  N.  B.  J  sec.  35,  T.  65-5.     P.  186. 
.    Greenstone  underlying  No.  243;  same  locality.     P.  186. 
.    Fine  gabbro,  from  the  little  point  in  the  N.  B.  i  of  N. 
lec.  14,  T.  64-7;  Shoo -fly  lake.     P.  186. 
.    Gabbro,  west  side  of  the  small  lake  in  the  S.  W.  }  of 
3,  T.  64-7.     P.  187. 

•  Decayed  condition  of  No.  246;  west  shore,  near  the  south 
f  the  small  lake  in  the  S.  W.  J  of  sec.  13,  T.  64-7.  P.  187. 
.    Olivinitic  iron  ore,  S.  B.  1  of  S.  W.  i  sec.  14,  T.  64-7; 

side  of  Fraser  lake.     P.  187. 

-    Coarse  hornblende  (?)  rock;  same  locality.     P.  187. 
.    Olivinitic  iron  ore  in  Xo.  ii49;  same  locality.     P.  187. 
.    Magnetitic  quartzyte  in  Xo.  249;  same  locality.    P.  187. 
.    Olivinitic  iron  ore:  same  locality.     P.  187. 
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253.  Coarse  hornbleDde(f)  rock,  not  as  much  decayed! 
249;  same  lo<jality.     P.  187. 

254.  Muscovado;  same  locality.     P.  187. 

255.  No.  249  containing  considerable  magnetite;  same 
ity.     P.  187. 

256.  Same  as  No.  255  and  showing  a  piece  of  Xo.  254; 
locality.     P.  187. 

257.  Muscovado  from  northern  foot  of  the  ridge;  same 
ity.     P.  188. 

258.  Magnetitic  quartzyte;  same  locality.     P.  188. 

259.  Magnetitic  quartzyt^  showing  banding;  same  lo 
P.  188. 

2G0.  Showing  contact  of  the  quartzyte  and  the  horn 
rock  (Xo.  249);  same  locality.     P.  188. 

2G1.  Fine  decayed  gabbro,  X".  W.  }  of  N.  E.  J  sec. 
64-7;  north  shore  of  Fraser  lake.     P.  188. 

262.  Olivintic  iron  ore;  same  locality.     P.  188. 

263.  Magnetitic  quartzyte;  same  locality.     P.  188. 

264.  Magnetitic  quartzyte,  showing  banding;  same  Ic 
P.  188. 

265.  Band  of  magnetite  from  the  quartzyte;  same  Ic 
P.  188. 

266.  Muscovado-like  rock,  from  a  bed  in  the  quartzyte 
locality.     P.  188. 

267.  Olivinitic  iron  ore;  same  locality.     P.  189. 

268.  Large  crystals,  apparently  similar  to  Xo.  249,  bi] 
taining  much  magnetite;  same  locality.     P.  188. 

269.  Gabbro,  X\  E.  \  of  sec.  28,  T.  64-7;  a  quarter  of 
north  of  Thomas  lake.     P.  lvS9. 

270.  Muscovado  holding  irregular  blotches  of  a  light  ( 
feldspar;  W.  \  of  see.  27,  T.  64-7;  north  shore  of  Thoma 
P.  189. 

271.  Flornblende  (?)  rock  similar  to  Xos.  249  and  253.- 
of  see.  29,  T.  64-7;  north  shore  of  Thomas  lake.     P.  189. 

272.  Magnet  it  ic  quartzyte  showing  banding  on  weathen 
face;  saim*  locality.     P.  189. 

278.  Iron  ore,  apparently  almost  pure  magnetite:  sjime 
ity.     P.  1S9. 

274.  Magnetitic  quartzyte:  same  locality.    P.  190. 

275.  Same  a**  Xo.  274.     P.  190. 
Fink  gabbro  holding  small  quantities  of  what  ap 

oxide  of  iron:  east  side  of  the  long  bay  in  sec. 
Alice.    P.  191. 
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Gabbro,  S.  R  i  of  K  W.  i  sec.  15,  T.  63-7;  east  shore  of 
Uice-     P.  191. 

Green  chloritic  schist;  north  of  Cady  honse,  Tower, 
as  No.  868  (N.  H.  W.).     P.  194. 

Rough,  scarcely  banded  jasper;  25  feet  below  the  sur- 
3tone  mine,  Tower.     Same  as  No.  892  (N.  H.  W.).     P.  194, 

Red  jasper  with  darker  bands  of  iron  ore;  Stone  mine, 
•.     Same  as  No.  903  (N.  H.  W.).     P.  194. 

Matrix  of  conglomerate  occnrring  north  of  the  Cady 
,  Tower.    Same  as  No.  908  (N.  H.  W.).     P.  194. 

Breccia,  now  converts  to  hematite  and  a  floury  white 
•al;  Breitnng  mine,  Tower.  Same  as  No.  916  (  N.  H.  W.). 
t. 

Black  or  pnrplish-black  clay  slate;  sonth  shore  of  Pine 
,  Vermilion  lake;  a  few  feet  east  of  the  line  between 
i  15  and  16.     Same  as  No.  921  (N.  H.  W.).     P.  194. 

Sericitic  schist,  rather  siliceous;  north  shore  of  Pine 
,  Vermilion  lake;  on  the  line  between  ranges  15  and  16. 


Sericitic  schist;  Pine  island.     P.  192. 

Green,  somewhat  sericitic  schist;  Pine  island.    P.  192. 

Green^  somewhat  graywacke-like  rock;  Pine  island.    P. 

Rough  sericitic  schist;  Pine  island.     P.  192. 

Green,  somewhat  chloritic  (f )  schist;  Pine  island.  P.  192. 

Light  gray  argillaceous  slate;  Pine  island.     P.  192. 

Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
.     P.  192. 

Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
.     P.  192. 

Coarser  and  rather  sericitic  condition  of  No.  290;  Pine 
.     P.  192. 

Light  gray  argillaceous  slate;  Pine  island.     P.  192. 

Gray  argillaceous  slate;  Pine  island.     P.  192. 

A  more  siliceous  condition  of  the  slate;  Pine  island.     P. 

Gray  argillaceous  slate;  Pine  island.     P.  192. 

Argillaceous  slate  showing  both  the  gray  and  black 
;  south  shore  of  Pine  island,  on  the  lint*  between  ranges  15 
3.     P.  192. 
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VI. 

•X>ENDIX.— LIST    OF    RECENT    GEOLOGICAL 
JBLICATIONS    RELATING    TO    THE 
CRYSTALLINE   ROCKS. 


VI. 

• 

List  of  American  Publications  Between  1872  and  1881> 
That  Have  Some  Eelation  to  the  Crystalline  Rocks  of 
THE  Northwest. 

This  list  of  publications,  while  embracing  most  of  those  is- 
Baed  since  1872  bearing  on  the  crystalline  rocks  of  Minnesota, 
or  of  the  Northwest,  is  not  presumed  to  be  complete,  and  it  is 
desired  that  geologists  who  discover  omissions  will  communicate 
with  the  writer  in  order  that,  in  a  future  report,  such  additions 
may  be  made  as  will  make  the  list  perfect. 

The  list  of  papers  and  other  publications  prepared  by  Whit- 
ney &  Wadsworth  and  published  in  the  Bulletin  of  the  Museum  of 
Ckmparative  Zoology,  Cambridge  (Geol.  Series,  Vol.  I.),  carried 
the  reeord  up  to  1880.  By  the  aid  of  that,  and  with  the  assis- 
tance of  Mr.  G^eo.  H.  Barton,  of  the  Institute  of  Technology, 
Boston,  who  examined  some  serial  publications  that  could  not 
be  consulted  at  Minneapolis,  the  catalogue  may  be  considered  to 
embrace  most  of  the  publications  of  American  geologists  on  the 
crystalline  rocks  of  the  central  and  eastern  portions  of  the 
United  States  and  of  Canada,  between  1872  and  1889.  There 
are,  however,  some  important  serials  that  have  not  been  con- 
sulted. 

1873. 

BELIi,  KOBT. 

Report  on  the  country  between  lake  Superior  and  lake  Winnipeg.  Geol. 
Sur.  of  Can.,  Report  of  Progress.     Montreal,  1872-73,  pp.  87-111. 

BBOOKS,  T.  B. 

Geological  Survey  of  Michigan,  with  maps,  1869-73,  i.;  Part  I.,  Iron-bear- 
ing Bocks,  319  pp.;  Part  II..  Copper-bearing  Rocks,  R.  Pumpelly  and  A. 
R.  Marvine,  143  pp.;  Part  III.,  Pala507X)ic  Rocks,  Charies  Rominger,  105 
pp.;  ii.,  298  pp.,  contains  papers  by  Messrs.  Brooks,  Julien,  Wright,  Jen- 
ney,  and  Tuttle. 

DANA,  J.  D. 

On  the  Qnartzite,  Limestone,  and  Associated  Rocks  of  the  vicinity  of  Great 
Barrington,  Mass.,  Am.  J.  Sci.,  3d  Series,  Vol.  5,  pp.  47-53,  87-91;. 
Vol.  6,  pp.  257-278. 

Vol.  Ill— 30. 
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FOSTER,  J.  W. 

Ancient  Mining  by  the  Monnd-bnildeis  in  the  '^PiehiBtoric  Races  of  the 
United  States."     Chicago,  1873,  pp.  361-374. 

HITCHCOCK,  C.  H. 

Chtssifiuition  of  the  J^ocks  of  New  Hampshire.  Proc  Boston  Soc  Xat 
Hist.,  Vol.  15,  pp.  304-307. 

HUNT,  T.  STERRY. 

The  Geologj  of  the  North  Shore  of  Lake  Superior.  (Snpplementaxy  Kote.) 
Trans.  Am.  Inst.  Min.  Eng.,  1873,  ii.,  58,  59. 

IRVING,  ROLAND  D. 

On  some  points  in  the  Geology  of  Northern  Wisconsin.  Tnms.  Wise. 
Acad.  Sci.,  1873-74,  ii.,  107-119. 

MARVINE,  A.  R. 

Geology  of  Michigan.     Part  II.,  1873. 

NICHOLSON,  H.  ALLEYNE. 

On  tlie  Geology  of  the  Thunder  bay  and  Shabendowan  Mining  Districts  on 
the  North  Shore  of  lake  Superior.  Quart.  Jour.  Geol.  Soc,  1873,  xxix., 
17-24. 

PUMPELLY,  RAPHAEL. 

The  Parageuesls  and  Derivation  of  Copper  and  its  Associates  on  lik« 
Superior.  Am.  Jour.  Sci.,  1872  (3),  iiL,  188-198,  243-258,^7-353; 
Leonhard's  Jahrbuch,  1872,  pp.  538-540;  Geol.  of  Michigan,  PaitIL, 
1873. 

SELWYN,  ALFRED  R.  C. 

Notes  of  a  Geological  Reconnoissancc  from  lake  Superior  to  Fort  Garry. 
CJeol.  Surv.  of  Canada,  Kejwrt  of  Progress.     Montreal,  1872-73,  pp-S-lS- 

WHITTLESEY,  CHARLES. 

Ou  the  cause  of  the  Trausieot  Fluctuations  of  Level  in  lake  Superior. 
Proc.  Am.  Assoc.  Adv.  Sci.,  1873,  xxii.,  Part  II.,  42-46. 

WINCHELL,  ALEXANDER. 

The  Diagonal  System  in  the  Physical  Features  of  Michigan.  Am.  Jonr- 
Sci.,  1873  (3),  vi.,  36-40. 

WINCHELL,  N.  H. 

Geological  and  Natural  History  Survey  of  Minnesota.  First  annual  report, 
113  pp. 

^VING,  A.  T. 

CV)nccrning  the  Spontaneous  Movements  and  F'ractures  of  Rock,  at  QoaBJ 
of  W.  N.  Flynt,  Monson,  Mass.  Proc.  Bost  Soc.  Nat  Hist.,VoL  16,  PI^ 
41-42. 

1874. 

ALLEN,  J.  A. 

Motamorphisni  Produced  by  the  Burning  of  Lignite  Beds  in  Dakota  soA 
Montana  Territories.  Proc.  Boston  Soc.  Nat.  Hist.,  Vol.  16,  pp.2^<^ 
2C>± 
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JOWN,  A.  J. 

The  Formation  of  Fissures  and  the  Origin  of  Their  Mineral  Contents. 
Trans.  Am.  Inst.  Min.  Eng.,  1874,  ii.,  215-219. 

ISA,  JAIMLES  D. 

Manual  of  Geology,  New  York,  Ist  ed.,  1862,  800  pp.;  2d  ed.,  1874,  828 
pp.;  3d  ed.,  1880,  911  pp. 

)UGLAS,  JABfES. 

The  Native  Copper  Mines  of  lake  Superior.  Quart.  Jour.  Sci.,  1874,  xi., 
162-180;  Canadian  Nat.  and  Geol.,  1874  (2),  vii.,  318-336. 

:VING,  ROLAND  D. 

On  the  Age  of  the  Copi^er-bearing  Rocks  of  lake  Superior;  and  on  the 
Westward  Continuation  of  the  lake  Superior  Synclinal.  Am.  Jour.  Sci., 
1874  (3),  viii.,  46-56. 

SCONTE,  J.  Ii. 

On  Coracite,  a  new  ore  of  Uranium.     Am.  Joar.  Sci.,  1874  (2),  iii.,  173- 

175. 

KJSL.L.AR,  PETER. 

Mining  on  the  North  Shore  of  lake  Superior.     Toronto,  1874,  26  pp. 
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THE  UNIVERSITY  OF  MINNESOTA, 

Minneapolis,  March  3, 1890. 
To  the  President  of  the  University, 

Dear  Sir  :  With  the  round  of  another  year  I  herewith  report 
the  progress  made  in  the  geological  and  natural  history  survey  of 
the  state.  During  the  year  there  has  been  considerable  interrup- 
tion incident  to  the  removal  and  installment  of  the  museum  and 
survey  headquarters  in  the  new  Science  Hall.  This  was  -aggra- 
vated by  the  fire  which  unfortunately  broke  out  in  the  building  in 
the  latter  part  of  December,  and  which,  while  not  consuming  much, 
yet  so  damaged  the  rooms  and  their  contents  that  it  necessitated 
the  renovation  of  the  entire  building,  and  the  cleaning  of  most  of 
the  specimens  and  apparatus.  This  report  gives  an  idea  of  the 
progress  that  is  being  made  in  the  intricate  geology  of  the  north- 
eastern part  of  the  state,  and  of  the  economic  resources  that  are 
being  developed  there.  That  part  which  discusses  the  iron  ores  of 
the  state  is  planned  to  be  published  as  a  separate  bulletin  of  the 
survey. — Bulletin  No.  6.  It  is  accompanied  by  numerous  illus- 
trations and  a  geological  map. 

Respectfully,  your  obedient  servant, 

N.   H.  WiNCHELL, 

State  Geologist  and  Curator  of  the  General  Museum, 


EEPORT. 

I. 

Summary  Statement  for  1889. 

ere  was  not  much  field-work  done  in  1889.  This  was  due  to 
Iiange  from  field-work  to  office  and  laboratory  work  which  was 
unced  in  the  last  annual  report  incident  on  the  commencement 
e  final  report  on  the  northern  part  of  the  state.    In  July,  how- 

a  special  reconnoissance  was  made  of  the  iron-deposits  and 
xiines  at  Tower  and  Ely,  in  order  to  get  some  details  of  the 
ions  of  the  ore-bodies  to  the  country  rock  as  developed  about 
rorks,  and  of  the  methods  of  mining  and  transportation.  In 
*»  directions  this  review  was  extended  into  the  surrounding 
try  whenever  there  was  promise  of  new  facts  either  economic 
ientific.  This  re-examination  resulted  in  the  acquirement  of 
any  interesting  facts  of  detail,  and  in  the  establishment  or  the 
ition  of  some  hypotheses  as  to  the  origin  of  the  ore  bodies,  and 
genetic  history  of  the  rocks  embracing  them.  It  was  thought 
^th  the  light  of  the  field  observations  made  during  the  pre- 
3  three  years  fresh  in  mind,  and  with  all  the  known  theories  of 
»Te  and  of  the  general  geology  that  had  been  proposed  whether 
xe  Minnesota  survey  or  by  others,  immediately  and  continually 
»T  test  and  application,  such  a  careful  investigation  would  be  a 
^ble  preparation  for  the  discussion  of  the  crystalline  rocks 
h  was  contemplated,  and  especially  for  the  exposition  of  the 
ores  contained  in  Bulletin  No.  6.  This  review  was  made  in 
unction  with  Mr.  H.  Y.  Winchell;  and  inasmuch  as  the  pro- 
s  of  the  investigation  here,  as  elsewhere,  has  been  frequently 
•esult  of  our  joint  work  and  mutual  co-operative  study,  the 
^tin  devoted  to  the  iron  ores  herewith  transmitted  bears  our 
b  authorship, 
ithin  the  past  year  two  other  bulletins  have  been  published, 

Natural  Oas  in  Minncsofa.  and  The  History  of  Geological 
i^eys  in  Minnesota, 

cie  Legislature  of  1889  failed  to  make  provision  for  the  publica- 
of  the  two  final  volumes  of  the  survey  report  t^1^tt^\.o  ydlNJcl^ 
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last  annual  statement.  This  failure,  however,  was  not  due  bo  much 
to  indifference  on  the  part  of  the  Legislature  as  a  whole,  as  to  the 
unfriendly  manipulation  of  some  of  the  committees,  and  the  neg- 
lect of  the  public  officials  having  in  charge  the  estimates  and  rec- 
ommendations for  the  current  expenses.  The  reports  of  the  snrvej 
were  eagerly  sought  by  all  the  legislators,  both  for  themselves  and 
for  their  friends.  They  were  aggrieved  when  they  found  that  by 
law  this  distribution  was  not  wholly  gratuitous  and  instant,  and 
they  desired  the  publication  of  the  final  volumes  as  fast  as  they  can 
be  got  ready.  The  bill  for  a  law,  however,  making  provision  by  a 
money  appropriation  for  the  printing  of  the  manuscripts  now  on 
band  was  delayed  by  the  chairman  of  the  committee  having  it  in 
charge  until  it  was  too  late  to  get  the  appropriation  allowed  by  the 
general  finance  committee  and  acted  on  by  both  houses  of  the  Leg- 
islature. The  same  will  be  offered  for  publication  at  the  next  ses- 
sion of  the  Legislature  (1891). 

In  the  summer  of  1889  the  museum  and  all  the  paraphernalia  of 
the  survey  were  removed  from  the  **main  building"  of  the  Univer- 
sity, where  it  has  been  located  since  1872,  to  the  new  Science  Hall. 
The  building  was  not  yet  completed,  but  the  removal  had  to  be 
made  to  give  opportunity  to  fit  the  old  rooms  for  other  use  prior 
to  the  opening  of  the  fall  term  of  the  University.  The  building  was 
nearly  finished,  nnd  some  work  had  been  given  to  the  museum  aud 
to  the  equipment  of  the  various  rooms,  and  plans  had  been  entered 
upon  for  ofiice  and  laboratory  work,  when  another  interruption  waS 
suffered  (Dec.  --)  by  the  (supposed)  spontaneous  starting  of  afire 
in  the  engine  room,  where  painters  had  been  at  work  with  naphtha 
and  whito  lead.  This  kept  the  survey  work  laifijely  in  abeyance 
till  about  Feb.  15,  1890,  when  the  building  had  been  again  suffi- 
ciently reBtored,  and  the  damaged  rooms  renovated,  to  permit  of 
their  regular  occupancy.  Thus  it  will  be  seen  that  the  work  of 
more  than  six  months  has  been  so  broken  and  unsatisfactory  that  it 
will  not  })erniit  a  very  cheerful  view  to  be  taken  of  the  aggregate 
progress  of  the  year.  Still,  unless  some  other  unfavorable  cause 
interfere,  the  commodious  rooms  now  occupied  by  the  survey  for 
ottice,  drafting  room,  laboratories,  museum  and  storage,  will,  when 
fully  equipped  with  apparatus,  and  the  library  with  reference  books, 
warrant  the  expectation  that  the  nicer  researches  that  remain  to  be 
done  in  order  to  **finish"  the  survey  of  the  state,  will  go  forward 
with  ease  and  dispatch. 

The  Museum  now  needs  replenishing.  The  room  that  is  given  to 
it  is  more  than  four  times  as  large  as  that  which  it  occupied  iu  the 
ther  building,  am\  \\\xii\e\o>\'ei  \i^^  ^-ece.^^  wjl^I  to  be  constructed. 
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This  is  true  particularly  of  the  zoologioal  collections,  which  have 
been  put  in  the  special  charge  of  professor  Nachtrieb.  In  the 
geological  museum,  while  the  old  cases  have  been  refitted  and  made 
to  answer  for  the  present,  there  is  a  need  of  mineralogical  speci- 
mens and  there  will  be  soon  need  of  other  cases  for  exhibition. 
Some  of  the  specimens  of  the  Kunz  collection  purchased  in  1S76 
have  been  lost  Many  of  them  are  x>6rmanently  removed  from  ex- 
hibition in  the  museum  and  stored  in  the  geological  lecture  room. 
Indeed  many  of  the  unique  and  attractive  specimens  formerly 
kept  in  the  museum  for  exhibition  have  been  missing  from  their 
places  from  that  cause  for  some  years,  and  some  have  been  badly 
damaged.  The  mineral  collection  has  thus  inevitably  deteriorated, 
and  ought  to  be  replenished  by  occasional  purchase.  Of  course 
donations  aid  in  keeping  the  collections  (i.  e.  the  cases)  apparently 
fully  but  donations  do  not  supply  first-class  material. 

State  Park.  I  wish  to  call  the  attention  of  the  regents,  and 
through  their  report,  the  attention  of  the  public  and  the  Legislature 
to  the  propriety  of  asking  a  reservation  of  land  for  a  state  park  in 
some  section  in  the  northern  part  of  the  state.  The  geographic 
poaiton  of  Minnesota  is  on  that  border  land  which  exhibits  the 
transition  of  the  forested  area  into  the  prairie.  It  hence  preserves 
the  f aunal  and  floral  characteristic  of  both,  and  within  its  territory 
must  be  studied  by  naturalists  the  mutual  modifications  and  inter- 
changes which  the  near  neighborhood  and  contact  of  different  phy. 
aical  features  always  imprint  on  the  native  vegetation  and  animal 
life  found  therein.  By  settlement  and  loog  habitation  the  natural 
conditions  are  destroyed  and  the  natural  laws  that  could  perhaps 
be  discovered  by  an  examination  of  them  in  their  original  state, 
are  never  known.  Hence  as  long  as  the  natural  conditions  exist 
the  state  of  Minnesota  will  be  visited  by  students  and  collectors 
interested  in  natural  science  for  the  purpose  of  investigation,  and 
this  will  bring  Minnesota  into  prominent  recognition  iu  scientific 
literature  and  secondarily  into  scientific  and  economic  research.  It 
hence  behooves  the  State  to  preserve,  to  such  extent  as  may  be 
found  desirable  and  feasible,  these  natural  and  aboriginal  condi- 
tions, and  for  this  purpose  there  is  no  better  method  than  to  re- 
serve from  sale  and  settlement  some  considerable  tract  where  they 
may  not  be  destroyed. 

Again  the  state  should  have  a  large  public  park  because  of  the 
healthful  resort  that  it  ould  afford  for  those  living  in  cities,  and 
for  those  who,  coming  from  further  south,  seek  in  summer  the  in- 
vigorating effect  of  northern  latitudes.  The  attractions  of  a  multi- 
tude of  lakes,  rivers  and  rivulets  of   limpid  and  p\it^^«XAt^  ^\^ 
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confined  in  the  United  States,  to  the  northern  tier,  where  the 
tumuli  of  the  glacial  epoch  formed  the  depressions  and  natural 
reservoirs  of  gravel  and  sand,  such  as  mark  its  moraines  bom 
Maine  to  Minnesota.  In  Dakota  these  lines  of  tumuli  pass  acroBS 
the  prairies  northwestward  to  the  line  of  British  America  and  do 
not  return  again  sensibly  within  the  United  states,  Hence  it  is 
within  MinnesDta  that  exists  the  last  opportunity  to  preserve  the 
pristine  conditions  of  that  unique  combination  of  physical  and 
faunal  relations  which  alike  distinguishes  them  from  all  other 
natural  surface  cbnditions  in  the  United  States,  and  has  attracted 
to  them  always  the  venturesome,  wandering  explorer,  the  artist,  the 
geologist,  and  the  hardy  frontier  settler. 

This  park  should  be  located  either  in  the  region  northeast  of 
lake  Superior,  enclosing  some  of  the  rock-bordered  and  rock-bot- 
tomed lakes  that  are  a  natural  curiosity  to  every  traveler,  or  in  the 
area  about  the  head  waters  of  the  Mississippi  GeneralJ.  H.Baker, 
when  surveyor-general  of  Minnesota,  some  years  ago,  urged  that  such 
a  park  be  established  on  the  international  boundary  line  north  of 
lake  Superior,  and  specified  the  region  of  lake  Saganaga.  Sinee 
then,  the  region  of  the  Itascan  source  of  the  Mississippi  river  has 
come  into  prominence,  and  it  has  served  as  the  topic  of  several 
explorations  and  new  "journale,"  which  have  given  it  already  a 
renown  equal  to  the  earlier  historic  interests  that  cling  to  it  since 
the  days  of  Lieut.  Allen,  of  H.  B.  Schoolcraft  and  Jean  Nicollet 
These  artificial  elements  enter  strongly  into  the  question  of  mak- 
ing the  selection  for  a  state  park,  and  bear  heavily  in  favor  of  the 
sources  of  the  Mississippi  for  such  a  selection.  There  is,  fortu- 
nately, a  perfect  exemplification  of  the  natural  surface  features 
that  characterize  the  glacial  moraines  of  the  state  within  a  few 
miles  of  the  Itasca  lake,  and,  indeed,  they  give  outline  and  location 
to  the  entire  Itascan  basin,  and  would  thus  serve  to  embrace, 
within  easy  access  or  in  combination,  both  the  natural  and  the 
artificial  considerations.  This  region  is,  moreover,  remote  from* 
lake  Superior,  and  its  attractions,  by  contrast  with  the  surround- 
iDg  country,  would  be  hightened  in  the  mind  of  every  visitor. 
Whereas,  iu  the  northeastern  part  of  the  state,  lake  Superior  and 
its  attendant  waters  and  surrounding  hills,  dominate  the  district,so 
that  no  selection  could  be  made  whose  attractions  would  rise  above 
those  of  the  great  lake  itself. 

It  is  presumed  that  there  would  be  no  difficulty,  whether  in  the 
northeastern  or  the  northwestern  part  of  the  state,  or  even  in  both, 
in  getting  the  consent  and  cooperation  of  the  United  States  govem- 
meat  by  the  wilYidtBL^BX  ol  VVifeVaxiAA  <^n\i<:AYiied  from  the  market, 
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md  pethsps  of  any  private  parties  who  may  have  received  Bome  ot 
the  lands  from  the  United  States,  or  from  the  State  of  MinneBota. 
At  any  rate,  no  time  sboold  be  lost  in  entering  upon  the  projeot, 
beoanseof  changes  and  increased  difficaltiee  that  will  render  it 
tmpoasible  not  many  years  beoce. 

The  laboratory  and  office  of  the  surray  oaght  to  be  supplied  with 
apparatos  and  books  needed  for  the  work  that  lies  immediately 
before  it  This  is  a  matter  of  absolute  necessity.  It  were  better 
that  all  other  expenses  cease  entirely  till  there  be  sufficient  funds 
for  this  necessity,  or  that  a  special  appropriation  be  made  by  the 
Legislature  to  provide  them. 

II. 

Becobd  of  Field-Obsebvations  in  1888. 

On  the  Mesabi  Iron  Range.  Mallmann's  mining  camp  is  on 
the  Dolutb  and  Iron  Range  railroad,  about  two  mites  south  of 
Hinsdale  on  the  Giant's  range  of  granite  hills.  The  working  is 
for  iron  ore.  There  are  a  number  of  pits  or  shafts  sunk  to  the 
rock,  from  15  to  60  feet  in  depth,  and  they  have  uniformly  encoun- 
tered the  same  magneto-bedded  rock  that  Chester  did  on  the  Me- 
sabi range  a  few  miles  further  northeast*  and  of  a  character  iden- 
tical with  that  seen  near  the  west  end  of  Gunflint  lake,**  both  being 
a  part  of  the  Animike,  and  probably  in  the  lower  portion  of  it 
About  half  a  mile  further  south  is  a  cut  by  the  railroad  in  real 
Animike  slate.  Some  of  the  ore  be  finds  is  hematite,  and  he  hopes 
to  get  enough  that  is  hematite  to  warrant  his  enterprise.  This 
working  is  just  west  from  the  "red  cut"  which  is  mentioned  in  the 
13th  report  in  giving  a  description  of  a  trip  to  Tower,  and  in  one 
of  the  shafts  he  has  struck  this  red  hematite  mass.  The  rock 
•eems  to  be  more  rotted  in  this  red  mass. 

This  msgueto-bedded  rock  is  nondescript.  It  has  been  referred 
to  sometimes  as  quartzyte,  but  it  generally  contains  not  enough 
free  quartz  to  entitle  it  to  that  designation.  1 1  is  gray,  medinm- 
grained,  sometimes  fine-grained,  has  a  mineral,  apparently  a  feld- 
spar, that  ohauges  by  rot  to  a  white  kaolinic  substance,  or  to  a  rusty 
powder,  and  is  the  rook  in  which  is  scattered  the  magnetite  ore 
both  here  and  at  GunfiiDt  lake,  as  well  as  at  Chub  (Afceley)  lake. 
This  ore  is  in  lenticular  bunches,  elongated  in  the  direction  of  the 
general  bedding,  and  is  generally  not  pure  magnetite,  but  is  seen 
to  increase  and  fade  again  in  the  midst  of  the  rock,  sometimes 
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extending  in  parallel  bands  from  half  an  inch  to  an  inch  wide,  and 
a  foot  or  more  in  length.  It  is  this  same  rock  which  aocompanieB 
the  hematite,  which  inspires  Mallmann  with  fresh  hope.  Appar- 
ently the  hematite  is  disseminated  in  it  in  the  same  way  as  the 
magnetite.  Mallmann  is  confident  the  ore  here  is  the  same  as  the 
ore  mined  at  Tower,  and  in  the  same  kind  of  rock — a  mistake  which 
we  tried  to  correct.  There  is  no  question  bat  the  vertical  greenish 
schists  and  graywackes  seen  at  the  Tower  mines  are  repeated  south 
of  the  Giant's  range,  and  pass  uncomformably  below  the  Animike 
along  the  line  of  strike  all  the  way  from  Ganflint  lake  to  this  point, 
and  that  they  may  be  encountered  after  passing  through  the  slatei 
and  quartzy tes  of  the  Animike.  It  is  likely  also  that  they  are  as  apt 
to  carry  iron-ore  lenses  on  the  south  side  of  that  range  as  on  the 
north  side.  But  owing  to  the  prevalence  of  the  drift,  and  the  con- 
cealment of  these  schists  by  the  overlapping  of  the  Animike,  it 
would  be  a  herculean  and  problematical  task  to  seek  to  find  such 
ore  bodies  by  shafting  through  the  Animike.  It  would  not  be 
impossible  that  a  shaft  should  go  down  through  the  Animike,  and 
should  encounter  one  of  these  ore  bodies  in  the  Keewatin,  bat  the 
chances  against  such  an  event  would  be  many  thousands  to  one. 
It  is  probable  therefore  that  all  the  ore  found  by  Mallmann  here  is 
from  the  Animike  beds. 

Obserrafions  about  Tower.  We  visited  again  the  vertical  black 
slaty  crag  north  of  Tower,  in  the  southern  slope  of  the  south  ridge 
(photographed  in  1886),  and  noted  the  abrupt  and  uncomformable 
transition  from  the  slate  to  the  green  schist.  This  occurs  a  little 
west  from  the  crag,  and  in  a  lower  place.  There  is  no  indication 
that  either  underlies  or  overlies,  as  the  line  of  contact  is  on  a 
nearly  horizontal  plane  surface.  The  structure  and  bedding  of  the 
slate  is  interrupted  somewhat  obliquely  by  that  of  the  schist,  and 
shows  plainly  some  kind  of  unconformity.  This  slate  is  siliceous 
and  has  all  the  handing  of  the  jaspilyte,  but  is  not  colored.  A  little 
further  north  it  is  like  jaspilyte.  Indeed,  it  passes  into  the  rock 
which  is,  or  which  becomes,  or  which  embraces  the  ore. 

Thence  we  went  further  west  and  after  considerable  search  we 
found  the  low,  bare,  slaty  knoll,  consisting  of  fissile  slate,  which 
was  mentioned  in  the  report  of  **1886,  in  which  was  reconled  a 
gradual  passage  from  the  clay  slate  to  the  chlorite  slate  of  the 
region.  We  examined  it  to  find  sedimentary  banding.  While  this 
banding  is  not,  in  the  knoll,  characteristically  exhibited,  yet  there 

*(^Miip;in»  U.  V.  WiiH'lit'irs  rcptn't  on  this  n»H;l«>n.  ITth  repf»ri,  pp.  W-9. 
**Fift*.M'nl\\  lA'pniV.  v'y^. 
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are  some  long,  parallel,  color-bands,  aboat  one-sixteenth  to  one-half 
inoh  wide,  that  appear  to  be  due  to  sedimentary  action.  It  is  note- 
worthy that  throoghont  this  knoll  of  clay  slate,  generally  no  sach 
bands  are  visible.  This  may  be  due  to  the  shattered  condition  of 
the  rook  and  the  obliteration  of  an  original  structare  by  the  pro- 
cees  of  acquiring  the  slatiness.  Toward  the  east,  the  slate,  fol- 
lowed along  the  strike,  evidently  gets  more  and  more  siliceous,  till, 
after  some  intervals  of  non-observation  due  to  drift  and  to  brush, 
it  is  converted  into  jaspilyte,  first  passing  through  the  condition  of 
the  slate  crag  described  above.  But  there  is  in  the  midst  of  this 
slate,  further  east,  a  little  greenish,  coarse  sericitic  and  quartzose 
alaty-rock  (No.  1505),  apparently  alternatiug  with  the  clayey  slate, 
which  may  be  the  parallel  of  the  schist  seen  to  alternate  with  the 
jaspilyte  rock,  as  at  the  railroad  cut  south  of  the  Stone  mine.  This 
indicates  that,  as  formerly  supposed,  there  is  a  close  alliance 
between  the  clay  slate  and  the  green  schist,  or  at  least  n  schist 
which  cannot  with  any  certainty  or  satisfaction  be  distinguished 
from  it,  and  again  an  alliance  that  implies  some  community  of 
origin  and  structure  between  all  three  of  these  schists.  In  follow- 
ing the  strike  along  toivard  the  east  from  this  knoll  we  saw  a  bed 
about  fourteen  inches  thick  of  such  green  schist  (but  rather  darker 
and  coarser  grained),  imbedded  in  the  jaspilyte^.  The  lack  of 
aedimentary  signs  (t.  e.,  the  general  lack)  caused  me  to  query 
whether  the  eruptive  green  schists  could  become  changed  to 
arg^llyte,  but  on  finding  some,  not  very  distinct,  trace  of  bedding, 
and  especially  on  seeing  the  argillyte  bed  change,  in  the  direction 
of  its  strike,  apparently  first  to  siliceous  slate  and  then  to  jaspilitic 
beds,  the  conclusion  is  found  inevitable  that  the  argillyte  at  least  is 
an  originally  sedimentary  rock. 

But  this  leaves  to  still  be  accounted  for  the  green  (or  gray  when 
siliceous)  schist  which  usually  resembles  closely  the  green  schist 
which  is  supposed  to  be  of  originally  eruptive  origin.  Been  iuter- 
bedded  with  the  argillyte.  On  the  suppositions  that  it  is  of  iden- 
tical genetic  origin  with  the  eruptive  green  schist,  it  may  be  sup- 
posed to  have  been  brought  there  by  slight  eruptions  at  the  time 
of  the  sedimentation  of  the  argillyte,  and  that  would  rather 
require  that  all  the  supposed  eruptive  green  schist  which  embraces 
the  jaspilyte,  originated  in  the  same  way,  /.  e,  in  a  manner  similar 
to  the  eruptive  sheets  of  the  Cupriferous,  and  is  now  interbedded 
in  the  great  (Eeewatin)  formation,  as  schists,  in  the  same  manner. 
This  would  make  the  eruptive  green  schists  date  from  the  time  of 

KyOmpai;^  Bulletin  No.  4,  where  sach  a  layer  of  silicious  Kreen  Mlibt  in  dencrihed  o\i  vV:^v' 
north  slope  of  the  **aorth  rid/re."  em  braced  in  the  contorted  iat)\nlf  Xe. 
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the  Eeewatin  itself,  and  the  green  schists  would  be  found  to  be,  on  a 
large  scale,  conformable  with  the  adjacent  rock,  instead  of  being  of 
the  nature  of  later  overdows  and  uncomformable  with  it.  The 
latter  supposition  was  expressed  in  the  15th  annual  report*  I  do 
not  know  that  there  is  any  necessary  and  known  objection  to  that 
hypothesis.  It  would  be  necessary  still  to  account  for  the  rock 
having  now  the  condition  and  structure  of  a  schist  and  for  its 
being  sometimes  the  matrix  for  a  multitude  of  fine  pebbles  of 
jaspilyte. 

But  it  is  not  by  any  means  certain  yet  that  this  gray  schist  (1505) 
is  identical  with,  or  can  be  found  to  grade  into,  the  great  body  of 
green  schist  of  the  region,  so  that  they  can  be  embraced  in  the 
same  general  hypothesis. 

We  went  over  the  south  ridge  at  the  Lee  mine  and  west  from 
there,  and  the  following  facts  were  noted: 

1.  In  some  places  the  jaspilyte  is  wonderfully  brecciated  over 
large  areas,  the  same  parts  again  cemented  by  the  fermginated 
granular  silica,  or  by  the  same  in  a  finer  breccia,  so  that  the  gen- 
eral mass  is  as  hard  as  the  jaspilyte  unbroken,  and  in  this  condi- 
tion shows  large  glaciated  areas. 

2.  When  broken  less  minutely  the  cement  is,  in  some  other 
places,  pure  hematite,  and  when  this  has  accumulated  in  large 
enough  masses,  filling  pre-existing  cavities  whose  forms  it  takes  on, 
it  is  valuable  as  ore,  and  as  such  is  the  principal  basis  of  the  work- 
ing of  the  Lee  mine. 

3.  This  accumulation  of  hematite,  or  re-cementation,  took  place 
before  the  deposition  of  any  vitreous  silic€^  or  before  any  observ- 
able *'silicification.'' 

4.  Chemical  (/.  c\,  vitreous)  silica  was  afterward  deposited  in 
openings  and  geodes  in  this  hematite,  and  in  veins  crossing  both 
the  hematite  and  the  jaspilyte,  this  being  the  last  observable  step. 

5.  I  do  not  see  hematite  veins  crossing  chemical  silica  veins. 

6.  Hematite  veins  cross  jaspilyte  in  all  its  forms,  whether  in 
breccia  or  as  undisturbed  strata  in  the  jaspilyta 

7.  Chemical  silica  veins  and  nodules  occur  latest  and  cross  the 
hematite  ani  also  the  jaspilyte. 

This  seems  to  show  that  there  were  two  processes  after  the  de- 
position of  the  original  sediments  forming  the  jaspilyte,  viz.,  a  fer- 
rnginization  and  a  silicification,  and  that  the  former  preceded. 
But,  as  already  argued  in  the  fifteenth  report,  the  chaloedonic 
silica  was  not  concerned  in  either  of  them,  except  that  the  rounded 

*l*ase221,2(W,  822. 
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gnuiw  IwTe  beoome  angnlar  by  depositioo  of  interstitial  silica. 
Sfunples  1606  show  the  relationa  of  the  chemical  silica  to  the  hema- 
tite, and  1507  show  the  breooiated  jaspilyte  cemented  by  a  finer 
breccia  of  the  same. 

On  Chester  Peak  (or  Jasper  Peak,  so  generally  called  at  Tower), 
OQ  the  northwest  side  and  shoulder,  the  jaspilyte  dips  north  at  an 
angle  of  abont  eighty  degrees.  It  Eoddenly  changes  and  dips  west 
at  MTenty-five  degrees,  then  as  suddenly  changes  and  dips  east  at 
seventy-five  degrees.  It  then  veers  round  on  the  apex  of  the  hill 
so  as  to  dip  northeast  at  seventy  degrees.  In  the  easterly  part, 
which  is  lower,  the  dip  is  north  again.  The  hill  is  abrupt  and 
short,  but  elongated  about  east  and  west.  A  stretch  of  drift,  like 
a  morainic  ridge,  rising  about  fifty  feet,  connects  the  hill  with  the 
"north  ridge,"  in  which  are  the  mines  of  the  Minnesota  Iron  Com- 
pany; bat  there  seems  to  be  norock-ridgenniting  them.  The  "north 
ridge"  dies  out  toward  the  east,  although  a  series  of  low  hilU, 
making  a  lower  range,  can  be  seen  to  run  along  the  sonth  side  of 
Yermilion  lake  and  eastward.  Toward  the  south  the  range  of  the 
Giant's  hills  can  be  seen  from  where  it  rises,  on  the  south  side  of 
Birch  lake  to  where  they  ran  out  in  the  distance  toward  the  west 
They  have  openings  and  sudden  elevations,  but  are  without  any 
notable  peaks,  the  highest  and  apparently  the  most  important  hills 
being  toward  the  southwest  rather  than  south. 

Numerous  pits  have  been  sunk  by  the  iron  company  to  the  rock 
in  the  vicinity  of  this  peak,  end  between  it  and  the  "north  ridge". 
Some  of  them  strike  green  schist,  some  a  jaspilyte  without  ore, 
or  a  lean  ore,  and  some  of  them  reveal  good  ore.  But  in  one  of 
them,  at  the  northwestern  base  of  the  peak,  a  black  schist,  soft  and 
(carbonaceous?)  holding  balls  of  pyrite  (1508)  from  a  bullet's  size 
to  two  and  a  half  inches  in  diameter,  was  met  in  the  botttm  of  the 
shaft.  On  the  northern  face  of  this  hill  are  the  green  schists,  seen 
it  the  mines,  mixed  and  twisted  with  the  jaspilyte.  A  deep  dril  1 
hole  on  the  south  side  of  this  hill  afforded  the  diamond  drill  a 
oore  of  porphyrel  at  several  hundred  feet  below  the  surface,  the 
hole  sloping  north. 

Glaciated  aurfaces  are  seen  nearly  to  the  top,  and  a  few  boulders 
lie  on  the  very  top. 

Some  small  veins  in  the  brown  jaspilyte  eoneist  of  white  chalce- 
ionio  silica  ( 1509)  croesing  the  jaspilyte  banding.  In  the  imme- 
diate vicinity  are  deposits  of  chemical  silica.  The  existence  of 
Dhaloedonic  veins  is  a  very  rare  occurrence,  and  has  been  observed, 
though  doabtfolly,  bat  once  before.  Compare  the  fifteenth  report, 
p.  324,  and  rock  sample  1013.   There  must  be  some  way  to  account 
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for  these  chalcedonic  veinB.  They  do  not  appear  to  have  been 
formed  by  mechanical  transposition  of  laminie  in  or  across  the  jas 
pilyte  strata.  They  do  not  have  any  banding  or  crystallization 
like  true  veins.  They  form  a  network  connecting  a  coarse  (and  in 
some  places  a  fine)  breccia  of  brown  fine-laminated  jasper. 
These  are  on  the  exposed  upper  surface  of  the  glaciated  apex  of 
the  knob.  The  silica  is  white,  and  appears  to  have  the  effect  and 
disposition  of  vein  matter  but  not  its  structure.  This  hill  is  in  nw 
1  ne  i  sec.  35,  62-15. 

At  Ely.  The  rock-cuts  all  the  way  from  Tower  to  Ely,  so  far 
as  seen  from  the  train,  are  all  in  the  green  schist,  or  a  green  rock 
more  massive  than  schist  which  imperceptibly  takes  its  place,  and 
at  Ely  is  the  rock  which  has  there  been  described  in  the  field- 
observations  of  1886  (Fifteenth  Beport,  pp.  325-26),  and  which 
extends  from  Ely  to  the  shore  of  Shagawa  (Long)  lake,  and  really 
which  goes  also  to  Fall  lake  and  there  forms  the  falls.  At  the  rail 
road  cut  at  Ely  it  exhibits  some  new  features,  viz: 

1.  It  is  made  up  of  rounded  masses  of  itself,  or  rock  like  itself, 
some  of  them  four  feet  across,  and  some  not  more  than  three  inches. 

2.  The  rock  matter  between  the  rounded  masses  is  darker  green 
than  the  rounded  boulders,  and  squeezes  among  them  in  the  same 
manner  as  green  schists  between  jaspil  yte  boulders  at  Tower.  It 
is  also  more  apt  to  be  a  little  schistose. 

3.  There  is  no  bedding  like  sedimentation,  but  an  angolai 
coarse  join tage  like  that  of  eruptive  rock  which  has  flowed  in  a 
broad  sheet  over  the  surface.  The  forms  of  these  boulders  are 
visible  in  the  weathered  surface,  and  their  slickensided  (and  then 
darker)  exteriors  are  shown  on  the  face  of  the  railroad  cut. 

4.  The  boulders  are  frequently  amygdaloidal,  calcite  being  the 
mineral  enclosed;  but  the  cavities  are  rendered  conspicuous  by  the 
easy  weathering  out  of  the  calcite. 

5.  There  is  a  crust  of  somewhat  darker  rock  that  surrounds  the 
interior  of  the  boulders,  and  these  cavities  are  most  abundant  in  it; 
they  are  commonly  in  the  form  of  tubes  that  cross  this  crust 
approximately  at  right  angles,  radiating  as  from  the  centre,  though 
not  reachiuj*  the  centre.  Transverse  to  these  tubes  this  cruat 
sometimes  exhibits  a  dim  linear  structure  that  appears  to  be  fluidal. 

().  This  green  rock  contains  chalcedonic  silica,  disseminated  all 
through  it,  and  it  seems  to  result  from  a  change  in  the  chemical  silica 

7.  This  green  rock  is  of  the  same  genetic  nature,  and  the  same 
in  all  its  physical  aspects,  with  the  exception  of  such  as  can  be  re- 
iifference  of  weathering,  as  the  Stuntz  Island  conglomer- 


•  -•-..  . , . 


8TATB  GEOLOGIST.  13 

ato,  but  the  enclosed  boalders  are  less  siliceous  than  the  most  of 
those  in  that  conglomerate. 

8.  The  rock  that  embraces  these  boalders  is  not  usually,  but  is 
rarely,  amygdaloidaL  This  is  the  rock  which  I  designated,  in  this 
ricinity  last  year  (1887),  and  before*,  as  modified  graywcake,  but 
[t  seems  now  never  to  have  been  in  the  form  of  graywacke. 

No.  1510  is  a  sample  of  this  green  rock,  showing  the  forms  of 
bwo  boulders,  and  the  darker-green  rock  separating  them. 

No.  1511  contains  amygdaloidal  portions  of  some^of  the  boulders, 
showing  the  tubes  perpendicular  to  the  surface,  one  specimen  hav- 
ing a  glaciated  surface.  (Compare  Plate  1,  Sixteenth  Annual  re- 
port). 

No.  1512  has  chalcedonic  silica  from  veins  and  spots  in  the  rock 
1510. 

No.  1513.  Vein  matter  in  No.  1510,  similar  to  1501  which  is 
from  the  so-called  gold-quartz  vein  at  Eagle  Nest  lake. 

In  returning  from  Ely  to  Tower  the  conglomeratic  (or  agglomer- 
atic)  character  of  the  green  stone  was  more  frequently  noticed  at 
the  occasional  cuts.  The  rock  is  angularly  and  cuboidally 
jointed  in  most  of  the  cuts,  with  a  light  green  color,  weathers 
lighter,  but  in  some  cuts  it  is  a  schist  with  a  slaty  tendency  in  dis- 
integration, and  has  doubtless  been  called  sericitic  schist  in  many 
places. 

Southward  from  Tower  this  rock  continues,  as  seen  from  the 
train,  as  far  as  nearly  to  the  gneiss  exposures  that  appertain  to  the 
northern  flank  of  the  Giant's  range.  It  has  been  reported  by  H. 
V.  Winchell**  that  there  is  no  exposure  of  mica  schist  between  ite 
last  exposure  and  the  first  of  the  gneiss.  There  is  an  unobserved 
interval,  however,  between  the  two  amounting  to  about  two  miles 
in  which  there  may  still  be  a  narrow  b^lt  of  naca  schist. 

[N«*TE.  Ill  th«»  sprlni;i»f  ls*M»  a  lu'lt  of  iMl»'a-):nrii.)U'iid<' »i«'lil»'l  \va<f\|)ii<»i.'<l  In  si.nnf  rall- 
niad  cruts.  a  few  niilos  noi-ili  of  ti.«  (fi.tiu  s  raii!;f>  >yfiiit(>.] 

Fokegama  Falls  and  casiward  io  (Jriffin's  camp.  At  the 
falls  of  Pokegama  the  dip  of  the  quartzyte  was  carefully  measured 
at  several  points,  with  the  following  results:  Below  the  falls,  S. 
8®  W.  about  15  degrees;  above  the  falls,S.  8*^  E.  about  15  degrees; 
ut  the  bluff,  on  the  west  side  of  the  river,  a  sixth  of  a  mile  above 
the  falls,  S.  22^  E.  8  degrees. 

The  rock  is  quartzyte,  red  superficially  (from  six  to  twelve 
inches)  and  gray  within.     The  bluff  above  mentioned  is  27  feet 

•Fifteenth  report,  p.  82S. 
•^Seventeeinth  report,  p.  bO. 
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high  above  the  water,  and  the  beds  oomposiDg  it  seem  to  strike 
southeastward  to  the  falls.  Mr.  Griffin  says  this  rock  runs  under 
the  river  which  is  the  outlet  to  Pokegama  lake,  and  used  to  cause 
rapids  at  half  a  mile  below  the  lake,  in  Sec.  23,  T.  55-26.  But  now 
these  rapids  are  covered  by  the  setting  back  of  the  water  into  the 
lake  from  the  Mississippi  from  the  government  dam,  which  is 
built  just  above  the  falls.  He  also  savs  he  thinks  he  saw  once  (as 
surveyor)  an  outcrop  of  it  on  Little  Boy  river,  about  in  the  line  of 
strike  from  Pokegama  falls.  H.  V.  Winchell  also  reports  having 
seen  it  on  Little  Boy  river.  Mr.  Griffin  also  is  authority  for  an 
outcrop  of  the  same  rock  about  eight  miles  southwest  from  Poke- 
gama falls.  In  1871  or  1><72,  as  deputy  surveyor,  he  also  noted 
the  same  rock  north  from  Su^ar  lake  (two  or  three  miles)  in  Sec. 
6  or  31.  This  rix^k  appears  to  be  the  Pewabic  quartzyte,  so  named 
much  further  northeast  on  the  southerly  slopes  of  the  Giant's 
range. 

October  18.  ISSS.  In  the  rain  (there  was  a  drizzling  rain  all  the 
rest  of  the  day)  we  went  to  tiie  falls  of  Prairie  river,  first  seeing 
the  granite  at  the  upper  falls. 

There  is  a  large  display  here  of  gray  gneiss,  some  of  it  being 
micaceous,  and  some  of  it  having  hornblendic.  dark  masses  and 
belts  cutting  through  it.  lu  some  rare  places  it  is  laminated  in 
thin  indistinct  lamimv  of  mica  and  feklspathic  sheets.  Its  dark 
belts  and  isolated  masses  recall  the  rock  at  Morton,  on  the  Minne- 
sota river  (see  another  section  of  this  year's  report)  and  north  of 
Vermilion  lake,  but  there  being  so  little  of  this  it  will  not  be  cor- 
rect to  parallelize  it  with  the  mica-hornblende  series.  It  is  rather 
the  extension  of  the  Giant's  range  rocks,  which  are  mostly  without 
noticeable  micaceous  or  dark  hornblende  laminations,  and  gener- 
ally a  more  massive  rock  than  the  micaceous  gneisses  of  the  Ver- 
milion series.  At  one  point  on  the  west  bank  of  the  river  there  is 
a  rude  horizontal,  undulating  stratification  or  bedding.  On  the 
east  bank  opposite  this,  however,  the  gneiss  is  conspicuously 
basftltically  jointed  It  is  probable,  therefore,  that  the  former  may 
be  due  to  weathering  up?n  a  spot  where  by  a  shearing  pressure  a 
local  lamination  had  been  saperinducetl.  There  are  also  in  some 
places  in  the  gneiss,  thiu  alternations  with  a  shining  micaceous 
schist  running  aK^ut  horizontal,  such  that  the  general  aspect  and 
average  composition  is  quite  different  from  the  rock  in  general 
^see  No.  1523  \.  Red  orthoclastic  belts  « 15'24)  more  coarsely  crys- 
talline, containing  also  coarse  quartz  crystals,  run  irregularly 
through  the  mass.  In  one  »^pot  a  wedge  of  reddish  rock,  associated 
with  chlorite,  making  a  ^protogine?)  runs  through  it 


STATE  OEOLOaiST,  15 

We  do  not  Bee  the  contract  of  thia  gneiss  with  the  overlying 
qnortzyte.  The  latter  ie  Been  at  the  lower  falls  and  while  dippiog 
in  the  main  to  the  s.  b.  e.  about  10  degrees  (sometimes  12  degrees) 
it  undolates  in  one  or  two  synclinals.  Along  the  top  of  one  of  the 
■nticlioalB  can  be  seen  a  diBtinct  fracture,  opening  somewhat 
upward,  as  the  crest  rnns  across  the  river. 

Glacial  marks  here  rnn  S  10"  E.  (mag.)  and  Mr.  Griffio  says 
there  is  no  magnetic  variation  here. 

No.  1S25  (a)  TepresentB  an  incipient  or  pseado-amygdaloidal 
BpottednesB  in  this  qnartzyte,  which  may  be  allied  to  that  lately 
described  by  Bailey  at  Pigeon  Point. 

No.  1526  shows  another  spottedness  in  this  quartzyte,  the  rusty 
spots  weathering  out  and  making  the  surface  pitted  all  over. 

No.  1627.     So  far  as  can  be  seen  then  comes  on  toward  the  south 

(after  an  imexposed  interval)  a  lot  of  siliceous  and  hematitic  cherty 

beds,  the  hematite  in  some  cases  being  fine,  masaive,  nearly  pure, 

and  finely  basaltically  jointed.     These   beds  are  seen  only  about 

five  feet  in  thickness,  and  the  hematite  is  apparently  not  more  than 

rix  inebee.     No.  1528  represents  some  of  the  rock  about  at  the 

horizon  of  this  hematite.     No.  1520  somewhat  above  (in  the  beds). 

Ko.  1528,     This  shows  a  curious   "streamed"  mixture,  and  brecci- 

atedbedof  chalcedonic  silica,   jasper  and  hematite,  with  vitreous 

glaasy  silica  filling  veins  or  former  geodic  elongated  cavities  that 

are  embraced  entirety  in  a  casing  of  white  chalcedonic  silica.     The 

lugheet  part  is  represented  by  1530,  which  has  a  very  different 

Mpect  from  1529,  being  a  coarser,  evidently   fragmental.   rusty, 

I  liliceoaa,  somewhat  vesicular  rook,  but  yet  may  be  only  a  modified 

I  Condition  of  1529.     It  has  pure  hematitic  sheets  and  lumps,  and  is, 

D  general,  bedded,  aad  dips  conformably  with  the  quartzyte  below, 

■*Ji  beds  frou  six  to  ten  inches  thick.      It  is  mainly  a  felayte  with 

^taatite,  some  of  the  beds  having  the  blootlstoue  distribution  seen 

0  some  at  the  east  eud  of   G-unfiint  lake.     Some  of  the  quartzyte 

«»t  aoderlies  is  conglomeritic  (1532)  in  patches,  but  it  is  not  seen 

■io  any  continued  layers. 

b  making  the  trip  from  Grand  Rapids  to  Griffin's  camp  (see 

'-^.jnap,  fig,  1,  p  I6)_„e  traveled  eighteen  miles  over  an  execra- 

*^    ia  an  autumn  anow  storm  which  not  only  kept  our  cloth- 

£*^**t  Joaded  every  bush  with  dripping  snow  and  water.     As 

"    Ifee  rain  the  greater  part  of  the  previous  day.  and 

i  day  in  a  snow  storm  of  the  same  kind  but 

Te  found  the  three  days  productive  of  results 
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■F-^/. 


E,p/,„a/,.„ 


The  trip  was  very  useful  in  a  geological  sense,  but  it  cauDot  be 
BHid  to  have  afforded  sutBcieut  eviileuce  to  answer  tlie  qaestiou  of 
the  truEi  relation  of  the  Pewabic  ijuartzyte  to  the  black  slate  of  the 
Aniniikie.  So  far  as  the  evidence  goes,  ntilass  there  be  iiio  ijreai 
qimytziira,  it  seems  to  indieate  that  the  Pewabic  qaartzyte  overlies 
the  black  slate,  although  it  is  next  in  contact  with  or  adjoining  the 
granite  all  along  the  south  side  of  the  Giaut's  range  and  as  far  wast 
as  to  Pokegama  falls,  at  the  latter  place  the  quartzyte  being  separ- 
ated from  the  gneiss  by  an  unexposed  interval  of  unknown  Dtrata, 
which  is  presuiiied  to  be  occupied  by  the  Animike  slates  proper. 
This  evidence  couaiets  iu  the  existence  of  the  red  soft  shale  (1533) 
above  the  quartzyte  (1534),  This  shale  is  apparently  the  equiva- 
lent of  the  red  shale  which  have  been  penetrated  in  some  deep  wells 
in  the  central  part  of  the  state  and  found  to  overlie  the  qaartzyte 
(the  New  I'lm  qunrtzyte),  ami  also  perhaps  of  the  red  shale  seen 
at  Black  Itiver  Falls,  'Wisconsin,  on  the  south  side  of  the  "Tilden 
mound,"  to  which  it  bears  a  strong  resemblance,  making  tbas  the 
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it  Blaok  River  FallH  tbe 
alect  of  that  in  the  Ani- 
(Haronian  proper)  in  Min- 
a,  to  which  in  its  lithology 
^neral  character  it  has  a 
reeemblanoe,  as  well  as  in 
Jar  proximity  to  a  corres- 
ing  range  of  gneissic  hilla. 

0  confirms  the  opinioii,e]se- 
3  expressed  by  the  writer, 
:he  Oogebio  ore  ie  probably 
e  beds  which,  on  the  south 
,  represent  the  Animike  of 
:orth  shore,  instead  of  the 
that  contain  the  ore  depos- 
YeimilioD  lake.  The  strnc- 
lere  is  represented  by  fig> 
I,  showing  ao  ideal  section 
Dg  north  and  sonth  at  GriE- 
»mp.  The  horizon  is  there- 
fery  near  that  of  the  works 
illmaun,  and  of  the  mines 

1  Gogebic  region, 
ere  is  yet  one  tronblesome 
alained  fact,  which  does  not 
ito  place  in  accord  with  the 
:hat  there  is  but  one  qnnrtz- 
id  that  it  overlies  the  black 

nnconformably,  viz:  The 
lines  on  the  Gogebic  range 

all  to  have  an  important 
liar  gray  qaartzyte  under- 

theui,  and,  according  to  all 
w,  a  black  slatn  lying  to  the 
of  them  and  probably  strat- 
hically  aboTe  the  ore  beds, 
black  slates  beingsnpposed 
)  the  Animike.  IF  that 
zy  te  be  the  equivalent  of  the 
bic  qnartzyte   it  certainly 

below   the  iron  horizon,   and   the   Animikie  iron, 
.  equivalent  of   tlie  Gogebic  iron  strata,  should 


the  snp- 
be  Boo^Ut, 
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for  toward  the  south  from  the  strike  of  the  Pewabic  quartz-  ' 
yte  Id  Minnesota.  As  there  are  ontcrops  of  slates  and  quartz- 
ytes,  of  the  Animike  series,  along  south  from  the  strike  of  the 
Pewabic  quartzyte  it  is  also  legitimate  to  infer  in  the  absesoe 
of  facts  demonstrating  to  the  contrary,  that  in  Minnesota  also  the 
main  mass  of  the  Animikie,  and  hence  also  the  horizon  of  the  Goge- 
bic ore,  lies  conformably  above  the  Pewabic  quartzyte,  and  may  be 
found  to  the  south  of  the  strike  of  the  quartzyte.  In  all  the  reports 
and  inferences  that  have  been  published  by  the  writer  the  Pewabic 
quartzyte  has  been  made  the  parallel  of  the  great  quartzyte  that 
overlies  the  Animikie  unconformable,  but  it  is  possible  that  it  mos 
below  it  conformably.  Its  age  in  either  case  is  that  of  the  great 
gabbro  flood,  with  which  it  is  interbedded.at  points  further  north- 
east 

Specimens  from  Griffin's  camp,  ne^.  sec.  22,  56-24,  No.  1333, 
red  shale,  8  feet;  No.  1534,  iron  bearing  rock,  somewhat  siliceons,; 
ore-sheets  broken  and  irregular,  hematite;  No.  1535,  same  as  1534, 
pit  No.  2.  but  reached  at  15  feet  below  the  surface;  Na  1536,  same 
as  1534,  11  feet  below  the  surface.  No.  1537,  slaty  ore,  rather  bw 
grade,  (47  p.  c.)  nw^,  nw^,  sec.  21,  66-24.  Mr.  Griffin  says  that  is 
sec.  21  he  knows  that  the  rock  1537,  lies  to  the  south  from  the 
rock  1535  and  1536,  in  outcrop  in  the  same  section.  He  also  sap 
that  at  three  or  four  miles  south  from  his  camp  fragments  of  black 
slate  are  abundant  in  the  drift,  indicating  black  slate  lying  above 
the  rock  seen  at  his  camp. 

Where  the  road  crosses  the  morainic  belt  (see  the  sketch  map, 
Fig.  1, )  between  towns  XXIV  and  XXV,  the  hills  are  very  conspicu- 
ous. It  appears  that  the  morainic  belt  coincides,  in  general,  with 
the  strike  of  the  quartzyte,  a  fact  which  has  been  noticed  before 
in  Minnesota  (and  in  Ohio,  in  case  of  a  strike  of  the  limestone  as  in- 
Delaware  county),  and  it  is  very  likely  that  the  existence  of  the 
latter  had  a  powerful  iutiuence  in  determining  the  southward  limit 
of  the  drift-laden  ice. 

That  this  range  of  iron  ore  is  independent  of  and  quite  different 
from  that  at  Vermilion  lake,  which  is  in  the  Keewatin  scbiats,  is 
showu,  not  only  by  the  general  geology  and  geography,  and  the 
diflFereuce  in  the  manner  of  occurrence,  as  well  as  in  the  ores  them- 
selves, but  by  the  fact  that  the  line  of  strike  of  the  Keewatin  «« 
belt  from  Tower  westward  is  found  to  cross  the  country  about 
thirty  miles  further  north.  It  has  been  discovered  at  several 
points,  where  it  aflFoids  very  encouraging  outcrops,  and  samples 
of  first-class  magnetite  have  been  exhibited  by  those  who  have 
visited    the    xegvon,    ^x.  jQ\i\i  ^^d&l'^JA^  V^atmester  at  Grand 
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Bapids,  **  has  manifested  an  intelligent  interest  in  this  more 
northern  iron  region,  and  from  the  samples  in  his  possession  the 
following  were  obtained:  No.  1538,  magnetic  iron  ore,  sec.  23,  60, 
23;  No.  1539,  rock  associated  with  1538.  This  is  magnetic  and  sili- 
ceous, black,  fine  grained,  apparently  a  magnetic  jaspilyte.  ^ 
This  is  described  as  standing  vertical  in  the  midst  of  vertical  green 
schists.  Charles  Kearney,  Grand  Bapids,  owns  an  iron  location 
on  sec.  27,  60-23,  and  —  Fleck  on  sec.  23, 60-23;  other  owners  are  re- 
ported to  be  Lawrence  Welsh,  James  Gill,  Eli  Signal,  William 
Wynn,  Al.  Tory,  J.  H.  Hennessy  and  —  Knutson. 

According  to  Mr.  Griffin,  there  is  an  outcrop  of  **  granite  "  at  a 
point  about  ten  miles  south  of  Leech  lake,  the  exact  position  of 
which  he  could  not  give.  This  indicates  the  strike  of  the  Giant's 
range  granite. 

Gold  in  the  Keewatin  schists  in  northern  Minnesota.  It  is 
well  known  that  about  twenty  years  ago,  a  gold  excitement  sprung 
up  in  Minnesota,  centering  on  Vermilion  lake.t  Mr.  H.  H.  Eames, 
the  state  geologist  at  that  time,  was  largely  instrumental  in  pro- 
moting the  popular  interest  in  that  region,  and  in  the  reputed 
discovery  of  gold.  The  excitement  subsided  soon,  and  ever  since 
then  there  has  been  very  little  said  on  the  subject.  But  it  appears 
now  that  there  was  some  basis  of  fact  underlying  the  excitement, 
and  that  possibly  in  the  future  the  interest  that  subsided  in  1866 
may  be  partially  revived.  Several  assays  of  auriferous  quartz  were 
published  by  Mr.  Eames  in  his  reports,  some  performed  by  J.  R. 
Eckfelt,  assayer  of  the  U.  S.  mint  at  Philadelphia,  others  by  pro- 
fessor E.  Dent,  New  York,  and  by  himself,  which  afforded  gold 
amounting  from  twenty  to  thirty  dollars  per  ton  of  the  ore,  with 
three  or  four  dollars  per  ton  of  silver.  This  came  from  some  of 
the  workings  about  Vermilion  lake. 

In  1887,  the  writer  visited  the  Marquette  iron  region  in  Michi- 
gan, and  the  Bopes  gold  mine  northwest  from  Ishpeming.j!  He 
was  at  ouce  impressed  with  the  resemblance  between  the  gold- 
bearing  rocks  seen  all  the  way  between  Deer  lake,  near  Ishpeming, 
and  the  Hopes  mine  and  the  rocks  of  the  Keewatin,  in  northern 
Minnesota,^  and  in  all  subsequent  study,  involving  this  question, 

••  Mr.  Reokfolt  also  showed  suinplos  of  Ilj^nite  found  "up  ^hv  Mississippi  rivor." 
■ay  about  Wltniihif^oshish  lake.    He  also  says  it  is  reported  to  hv  found  ail  at>out  tiio 
shores  of  lake  Winnihiffosliish,  in  form  of  "fioat"  pioces.    He  also  states  that  lie  lias 
fieen  pieces  found  "  up  iha  Prairie  river." 

•  The  occurrence  of  magnetic  ore  in  the  Keewatin,  near  Ely.  as  well  as  at  Tower.  Is 
dMcrlbed  in  Bulletin  No.  0. 

^Compare  the  report  of  H.  II.  Eames  on  "The  nietalllfei'ous  rejclon  bordering  on 
lake  Superior."  printed  In  l>m. 

I  Sixteenth  annual  rei>ort.  pp.  48-40. 

tSerenteeDthsc/jiiiii  report,  pp.  42-43. 
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he  has  placed  the  two  localities  provisionally  in  the  same  strati- 
graphic  position.  This  parallelism  at  once  recalled  the  early  re- 
ports of  finding  gold  at  Vermilion  lake,  and  aroused  a  suspicion 
that  gold  would  be  proved  to  exist  in  the  quartz  leads  in  the 
Keewatin,  in  Minnesota. 

In  1878,  this  region  came  again  under  examination  by  the  state 
survey  in  a  rapid  reconnoissance,  made  by  the  writer,  along  the  ia- 
ternational  boundary  to  Vermilion  lake,  and  thence  to  the  St 
Louis  river,  and  the  principal  "  locations  "  were  visited.  The  email 
specimens  collected  from  the  damp  heaps  were  as  large  as  the 
means  of  transportation  would  permit,  and  of  coarse  feebly  illus- 
trate what  may  have  been  the  contents  of  the  veins  that  were 
explored  by  the  various  owners  in  1806.  The  samples  are  num- 
bered 395-400,  and  423.  428* 

Prof.  A.  H.  Chester  again  examined  these  gold-mining  locations, 
and  states  in  his  report  that  "  Specimens  were  collected  from  maDj 
quartz  veins,  on  some  of  which  mines  were  formerly  located,  and 
all  were  carefully  assayed.  No  true  iron  pyrites  was  found,  but 
all  was  of  that  form  known  as  pyrohotine  or  magnetic  pyrites. 
Among  the  many  samples  of  pyrites,  from  all  parts  of  the  conntry, 
assayed  for  gold  at  the  laboratory  of  Hamilton  college,  not  one 
containing  magnetic  pyrites  has  shown  any  gold,  and  so-called  gold 
mines  have  been  condemned  at  once  when  the  character  of  the 
pyrites  was  recognized,  subsequent  assay  always  corroborating  the 
opinion.  it  was,  therefore,  not  a  matter  of  surprise  that  these 
'gold  ores'  did  not  contain  any  gold." J 

In  1886  Dr.  A.  Winchell  examined  the  town  in  which  is  situated 
a  prominent  white  quartz  vein  in  which  it  was  reported  gold  and 
silver  had  been  found,  and  his  collected  samples  at  this  point  are 
numbered  (of  his  series)  48-53.**  He  says:  "Many  quartz 
veins  run  through  the  whole  formation.  Bock  52  is  a  sample, 
coutaiuing  hematitic  stains,  very  much,  indeed,  as  in  some  argeoti- 
ferousj  auriferous?  1  quartz.  Other  quartz  veins  are  pervaded  by  py- 
rites in  abundance,  as  shown  in  rock  53.  In  some  cases  a  mass  half 
the  size  of  one's  head  is  pure  pyrites.  The  pyrites  and  quartz  are 
sometimes  seen  to  be  intersected  by  minute,  sinuous  veins  of  > 
dark,  lustrous  iridescent  mineral  resembling  peacock  ore  of  copper. 
These  are  the  glittering  minerals  which  sustained,  not  without 
some  reason,  the  hopes  of  the  adventurers."  At  that  time  this 
spot  was  owned  by  a  man,  since  deceased,  named  John  Ijeiender- 
ker,  who  had  sunk  a  shallow  shaft  in  1885. 

*Xi!vt\v  iiuivw.vl  vv\)i)rt,  iiy.  l»s-103. 
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In  1888.  in  making  some  obseryations  on  the  iron  working  of 
John  Mallmann,  aboat  two  miles  south  of  the  Giant's  range,  as  re- 
ported above,  the  writer  met  Mr.  Leienderker  at  Mailman's  camp, 
ind  obtained  from  him  a  small  piece  of  the  qaartz  containing 
pjrites  from  his  "gold  mine"  on  Eagle  Nest  lake.  Sec.  34,  T.  62-14. 

Some  assays  have  since  been  made,  viz: 

Samples  of  pyritiferous  quartz  obiained  by  A.  Winchell,  from 
Lieienderker's  shaft,  with  the  following  result,  assayed  by  Frank 
3.  Smith,  Ann  Arbv>r,  Mich. 

A.  Winchell's  numbers  49  and  51,  gave  no  trace  of  gold. 

A.  Winchell's  number  53,  gave  one-twentieth  of  an  ounce  of 
a^ld  per  ton  of  2,000  pounds,  or  $1.00  per  ton. 

Sample  of  pyritiferous  quartz  obtained  by  the  writer  from  Mr. 
heienderker)  assayed  by  Prof.  J.  A.  Dodge,  Chem.  Series,  212. 
Survey  No.  1501.  "Using  one-half  ounce  of  the  ore,  by  fire  assay, 
E  find  a  trace  of  gold  and  no  silver.  The  amount  of  gold  is  too 
small  to  be  weighed  from  that  quantity  of  ore;  1  should  estimate 
it  at  not  more  than  one-fortieth  Troy  ounce  per  ton." 

All  the  samples  from  the  various  ^'locations''  about  Vermilion 
lake  obtained  by  the  writer  in  1878,  *  assayed  as  one  sample  by 
Prof.  C.  F.  Sidener,  Chem.  Series,  213,  gave  no  gold  nor  silver. 

The  vein  at  Eagle  Nest  lake  is  said  to  be  about  12  feet  wide  and 
to  carry  much  pyrites  throughout  its  width.  The  pyrite  in  the 
sample  obtained  from  Mr.  Leienderker  is  not  magnetic  in  fine 
powder.  It  has  a  light  brassy  color  and  rectangular,  apparently 
onboidal,  crystallization,  which  seem  to  indicate  true  pyrite.  That 
which  Prof.  Chester  examined  was  magnetic  pyrite  which  is  rarely 
if  ever  auriferous,  and  was  at  once  condemned  by  him.  There  is 
St  large  amount  of  magnetic  pyrice  near  the  base  of  the  Animike 
Formation  at  the  west  end  of  Gunfiint  lake,  associated  with  the 
magnetic  ore  of  the  Animike,  which  is  of  the  same  range  and  age 
SL8  that  investigated  by  Prof.  Chester  on  the  Mesabi  range,  and  it 
LB  quite  likely  that  the  magnetic  pyrite  examined  by  him  was  ob- 
tained in  that  group  of  rocks.  That  has  a  different  aspect  and 
3olor  from  the  pyrite  at  Eagle  Nest  lake,  being  a  copper-steel  gray, 
and  also  is  much  softer. 

It  appears  from  the  foregoing  considerations,  and  the  facts  that 
are  known,  that  not  only  is  there  no  a  priori  obstacle  to  the  expec- 
tation of  gold  in  the  quartz  leads  of  the  Keewatin,  but  that  there  is 
some    positive   basis    of  fact    to  show  that  it    exists    there    in 

•  Ninth  annual  report,  pp.  i»k-1(«. 
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quantity  saflScieDt,  in  some  fcases,  to  make  a  valaable  low  grade 
ore  that  could  be  profitably  mined  by  the  same  methods  as  those 
employed  in  the  Black  Hills,  and  at  the  Bopes  mine  in  Michi{;an. 


The  Crystalline  Rocks  of  the  Minnesota  Valley. 

In  June  18S8  some  observations  were  made  about  Redwood 
Falls.  At  Frazer's  quarry,  in  Honner,  ( N.  Redwood  P.  O. )  which 
is  on  the  south  side  of  the  Minnesota,  but  on  the  northwest  side  of 
the  Redwood,  in  the  bottom  lands  of  the  Minnesota  river,  cad  be 
seen  gneiss,  some  of  which  is  prevailingly  red  on  weathered  ex- 
posures, but  on  quarrying  deeply — and  some  without  being  qaar- 
ried— is  gray.  This  rock  is  a  gneiss,  through  and  through,  having 
a  "rift"  which  is  strougly  marked,  and  generally  evident  in  differ- 
ence of  colors  and  in  micaceous  belts,  the  alternations  being  black, 
quartzose,  feldspathic,  reddish,  <&c.  There  are  some  places  that 
show  up  as  a  massive,  gray  gneiss,  without  much  bauding,  but  the 
whole  rock  is  generally  quite  banded.  Across  these  forms  ran 
granulyte  veins,  and  coincident  with  the  gneissic  bands  are  other 
orthoclastic  belts,  some  of  them  plainly  fading  out  into  the  gray 
gneiss,  and  some  being  distinctly  separate  for  many  feet.  These 
are  either  of  chemical  deposition  entirely,  (as  when  filling  trans- 
verse fissures )  or  are  produced  by  glow  chemical  metamorpbism 
from  the  original  sediments.  In  two  instances  one  of  these  veins, 
about  :J  in.  wide,  running  transverse  to  the  grain  of  the  gneise,  split 
in  the  center  of  the  vein,  and  one-half  of  it  adhered  to  one  block, 
and  tlie  otlier  to  the  other  block,  when  forced  by  the  operations  of 
the  mine.  This  splitting  ran  about  six  feet,  and  showed,  when 
cleared  off,  a  surface  !(>  in.  by  G  ft.,  and  at  a  distance  I  took  it  at 
first  for  a  vein  1<)  in.  wide  because  viewed  from  that  direction- 
This  vein  matter  was  coarse  red  granulyte.  Other  similar  veins 
when  viewed  on  the  broken  edge  showe<l  a  distinct  central  plane 
of  uuiou  between  the  growing  accumulations  on  the  opposite  siJe 
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f  the  originftl  fiesare,  jost  aain  common  mineral  veisB,  thus:  Fig. 

.     Snch  a  plane  would  be  a  plane  of  weakaeae,  along  which  io 

TiniTyiDg,  Uie  Fock  would  be  likely  to  part. 

At  Morton,  a  few 
milea  below  Bedwood 
Falls,  situated  in  the 
valley  of  the  MtiineBO> 
ta  riyer,  Sanlspaugh 
haa  recently  opened 
extensive  qnanies  in 
the  "granite."  Here 
the  rock  ia  mainly  a 
gray  contorted  gneisa, 
bnt  it  has,  in  all  the 
usual  forms,  m  a  c  h 
reddish  feldspar  sup- 
posed to  be  otboclase. 

FlK.».    Layered  vein. .tUraimlyte,  Veins      of      grSUUlyte 

nt  the  gneissio  stractnre.  One  wae  14  iuchee  wide  and  was  banded 
a  the  same  manner  as  illustrated  by  fig.  8  above,  except  that  its 
onrBe  was  nearly  perpendicular  to  the  gneisaic  rift,  and  it  showed, 
orther,  a  banded  alternation  of  quartz  aoJ  feldspar,  as  illustrated 
ly  fig.  4  sketched  on  the  spot. 

Ejtplaiiiitionof  FUj.  J. 
No.  1.    Coiirrie  orlhoclase,with 
llttltMiiiEirtz. 

No.2.  Oiarsc  crj'stiilsdf  quartz, 
somewhat  anulhystine. 
No.  'A.  Same  as  No.  I. 
This  «hows  a  true  vein  struc- 
ture, and  a  chemical  origin 
for  the  "dyke."  The  figure 
shows  the  planes  separating 
the  quartz  from  the  ortho- 
claserather  more  abrupt  and 
straight  than  they|are  in  na- 
ture. Along  the  line  of  con- 
tact some  of  the  orthoclase 
crystals  penetrate  within  the 
quartz  zone,  and  there  are  a 

_.    ,    ., ,       few  quartz  crystals  dissemi- 

AmfibysiJm-<jiiiin:(.  Dated  through  the  orthoclase. 

Bat,  as  a  whole,  the  central  band  of  amethystine  quartz  is  distinct 
u)d  constant 
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Another  remarkable  feature  in  the  Morton  quarries,  where  there 
has  been  more  work  done  than  in  any  other  granite  quarries  in  the 
state,  and  from  which  they  have  sent  rock  for  street  curbing  to 
Duluth,  is  the  beautiful  contortion  of  the  gneissic  structure,  which 
on  being  broken,  and  especially  when  cut-hammered,  makes  a 
striping  resembling  that  seen  on  some  fancy  marbles. 

And  yet  another  feature,  which  allies  this  belt  with  the  transi- 
tion series  at  the  northwest  end  of  Vermilion  lake,  is  the  irregolar 
mixiug  of  the  "mica  schist,"  or  "black  rock,"  with  the  gneissic 
lighter-colored  rock.  These  so-called  mica  schists  appear  as  iso- 
lated masses,  one  as  large  as  ten  feet  across,  but  usually  only  a  few 
inches  in  diameter,  like  boulders  in  the  midst  of  the  gneiss.  In 
one  conspicuous  instance,  seen  on  a  freshly  cut  block  of  gneiss, 
the  laminations  of  the  gneiss  were  seen  to  shape  themselves  aboot 
the  black  mass.  In  mauy  other  instances  the  black  patches  are 
changed  iu  shape,  apparently  by  some  shearing  pressure  incident 
to  the  whole  formation.  They  are  elongated  and  bent  and  strung 
out  like  hooks  and  lenticular  bauds,  in  conformity  with  the  direc- 
tion of  the  general  trends  of  the  gneissic  contortions. 

While  these  black  patches  appear  (now )  to  be  largely  micaceous 
and  of  the  same  nature  as  the  micaceous  element  iu  the  gneiss,  yet 
there  is  noticeable  a  difference.  They  seem  to  be  of  changed 
hornblende  or  hornbleudic  rock  (1519.)  The  "black  rock"  in  one 
limited  space  was  seen  to  comprise  at  least  half  of  the  wli6le,  and 
it  seemed  to  he  the  same  ingredient  as  the  black  element  iu  the 
gneiss — at  least  so  far  as  its  distribution  and  relations  could  be 
seen  to  show  anything  of  its  origin.  This  "black  rock'*  should  cot 
be  confounded  with  another  "black  rock"  which  in  the  form  of  a 
conspicuous  more  recent  dyke  cuts  across  the  hill  composed  of 
gneiss. 

The  general  similarity  of  this  quarry  to  the  mixed  condition  of 
the  mica  schist  and  syenite  in  the  northwest  part  of  Vermilion 
lake,  where  the  Vermilion  series  fades  out  into  the  gneiss  proper, 
of  the  Laurentiau,  is  forcibly  impressed  on  the  mind  of  any  one 
who  is  familiar  with  the  latter.  The  transition  iu  the  Minnesota 
valley,  however,  seems  to  occupy  a  wide  belt,  as  it  extends  at  least 
from  Redwood  to  Morton — and  indeed  to  occupy  nearly  the  whole 
valley. 

In  town  111-38  (unorganized),  of  Redwood  county,  sec.  12,  is  a 
glaoiated  granite  knob,  the  stria*  running  S.  about  45'  E.     This  is 
le  of  gray  contorted  gneiss,  rising  about  twelve   feet.    Its 
:tent  is  about  200  feet,  and  90  feet  across.     Its  elongation 
id  SE.     It  is  a  good  rock  for  heavy  quarrying,  as  it  is  not 
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much  jointed.  It  is  heavily  bedded  by  a  series  of  overlyiog  layers 
that  dip  geotly  toward  the  south,  so  that  the  steep  side  of  the 
knob  is  on  the  north  slope.  The  country  rouud  about  it  is  wild, 
ouoGCupied  prairie,  smoothly  rolling. 

This  rock  shows  no  red  feldspar,  in  that  respect  being  somewhat 
more  like  the  Honner  quarry  than  the  gneiss  at  Morton.  The  top 
is  somewhat  below  the  average  level  of  the  country,  and  has  been 
uncovered  by  the  removal,  by  some  means,  of  the  drift  cover.  The 
field  can  be  plowed  right  up  to  the  rock  on  all  sides. — Sample 
1520. 

In  making  this  trip  a  new  sort  of  bouldei  was  seen  in  many 
places — a  white  granular  quartzyte,  some  of  tbem  two  feet  across. 
They  show  a  plain  sedimentary  structure,  ard  are  rather  fine- 
grained. They  are  hauled  with  other  bouldern  into  piles  from  the 
fields.  They  look  like  the  usual  '^Winnipeg"  limestone,  of  which 
not  a  piece  was  observed  on  the  trip,  although  they  do  occur  about 
the  mouth  of  Crow  creek. 

Re'Oxaminaiion  of  LujniHc  beds  about  Redwood  Falls.  In  com- 
pany with  Mr.  Park  Worden,  Capt.  Dunnington  and  Mr.  Terrill, 
of  Bedwood  Falls,  a  number  of  workings  in  lignite  beds  in  the 
vicinity  were  examined,  particularly  in  the  region  of  the  valley  of 
Crow  creek.  One  of  these  was  the  very  spot  that  1  visited  15  years 
ago,  now  caved  in,  and  nearly  lost  to  sight.  Another  was  visited 
with  Mr.  Peabody  at  the  identical  spot  where  Grant  and  Brousseau 
tried  to  get  coal  about  20  years  before.  None  of  these  reveal 
anything  new,  nor  give  any  reason  to  vary  from  the  judgment  and 
descriptions  published  in  the  second  annual  report,  respecting  their 
li^logical  age  and  prospective  economic  value. 

At  Mr.  Farringtou's,  on  the  bluff  of  the  Minnesota  near  Crow 
creek,  the  lignite  lies  on  the  decayed  gneiss,  or  on  a  somewhat 
stratified  and  re-arranged  condition  of  it,  due  to  the  Cretaceous 
ocean.  There  is  no  conglomerate  at  the  bottom-only  this  kaoliu- 
ic  material. 

III. 

Record  of  some  Field  Ohsehvations  made  in  1889. 

Duluth.  On  the  '*\Veller  road,**  about  a  mile  and  a  half  from 
lake  Superior  (at  Dulnth)  and  about  two  miles,  by  the  road,  from 
the  business  part  of  the  city,  is  the  spot  that  has  been  referred  to 
^before  as  showing  considerable  amounts  of  red  rock  in  the  hills. 

•Survey  siaiuplesof  N.  H.  Wlm-lu'll.  Nn*-.  IB.  4*i . 

Coiiip&re  al!*o  PnK7«M.'dhiv:s  nf  the  Aruorii-an  Asmirfatlon  fur  tln'  Advunt'ciiMMil  of 
Sclencv*.  Ittt^l.    Cliiclimatl  nuM'thiir.  TmtUol  thin  }ifvUnu>t  nj  ih*'  Vvinitattu*  rutin  in  Minn 
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There  is  Dot  bo  much  of  it  as  I  had  thought  It  in  very  certainly 
the  same  rock,  aod  has  the  same  relation  to  the  gabbro  as  that  seen 
at  Duluth  and  mingled  with  the  gabbro  at  Biceps  point  It  is 
here  in  a  scattered  blotch,  and  in  thin  veins,  in  a  fine  porphyritic, 
gabbroloid  rock — which  last  is  like  much  seen  in  the  city  and  en- 
virons of  Duluth,  but  not  so  perfectly  and  coarsely  crystalline  as 
the  Bice  point  rock.  While  the  gabbro  is  quite  different  from  the 
typical  gabbro  at  Bice's  point,  it  is  essentially  the  same  rock  and 
of  about  the  same  age.  Indeed  it  is  almost  possible  to  trace  it  con- 
tinuously from  one  place  to  the  other  along  the  hill  range  that  con- 
nects the  two  places.  No.  lo4()  shows  the  gray  porphyritio  gabbro 
with  a  fine  magma.  No.  1541  shows  contact  of  the  red  rock  on  the 
gray  rock,  1540.  No.  1542  is  the  crystalline  red  lock,  with  some 
light  green  spots.  No.  1543  is  chalcedonio  quartz  from  this  gabbro, 
as  described  below. 

A  very  interesting  observation  is  made  in  connection  with  this 
modified  gabbro.  On  the  weathered  surface,  where  it  also  presents 
other  irregularities  of  structure,  resembling  coarse  amygdaloid, 
are  seen  whit«  spots  of  silica.  These  spots  are  sometimes  vitreous 
and  glistening,  as  if  of  chemically  deposited  quartz,  and  in  some 
central  cavities  quartz  crystals  form  a  drusy  coating.  But  in  other 
places  this  pure  vitreous  white  quartz  becomes  granular,  there 
being  a  gradual  passage  from  one  structure  to  the  other,  the  gran- 
ular increasing  in  distinctness  and  ease  of  disintegration  toward  a 
weathered  angle,  or  toward  the  surface.  Very  rarely,  small,  sub- 
translucent  areas  as  large  as  a  wheat  grain,  or  larger,  can  be  seen, 
on  the  disintegration  of  the  vitreous  portions,  which  do  not  disinte- 
grate, resembling  amorphous  or  chalcedonic  silica.  The  disinte- 
grated granular  portions,  however,  are  not  uniformly  fine,  and,  in 
general,  those  portions  are  all  coarser  than  the  fine  granular  silica 
of  the  so-called  chalcedonic  silica  of  the  iron  mines.  This  obser- 
vation shows: — Thftt  tlir  (jranular  structure  scf^n  in  silicri,  does 
not  prove  urccssarilj/  that  tic  silica  was  of  srdiiacntary  or  clastic 
origin,  since  tliis  is  plainly  the  result  of  long  weathering  of  chem- 
ical selica  in  these  exposed  cliifs. 

These  (juartz  masses  do  not  show  plainly  a  banded  agate- like 
structure  like  the  ajjjates  seen  at  Ag^te  bay.or  Gooseberry  river,but 
in  some  of  them  there  is  a  narrow  band  of  harder,  somewhat  red- 
diBh,  siliceous  rock  that  surrounds  them  and  forms  an  enclosing 
ridge  that  rises  above  the  general  surface.  They  vary  in  size  from 
a  pea  to  eight  inches  long,  and  while  not  very  sharply  angular,  are 
not  of  the  shapes  of  usual  amygdules.  Some  of  them  have  little 
cavities  of  irregular  shapes  in  which  small  quartz  crystals  are  seen 
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projecting,  and  in  others  the  white  vitreoas  quartz  is  replaced,  in 
marginal  patches,  or  even  in  larger  table-like  protrusions,  by  a 
milky,  opaque  quartz,  as  mentioned  above.  Taken  altogether  it 
seems  very  likely  that  these  quartz  modules  are  indigenous  in  this 
gabbro-like  rock,  and  are  not  of  the  nature  of  foreign  or  trans- 
ported masses,  but  have  originated  in  the  gabbro  by  secretion,  in  a 
maaner  similar  to  the  chalcedonic  agates  in  the  trap  at  the  mouth 
of  Gtx)Beberry  river  (519). 

At  ihe  Iron  Mines  at  Tower,  The  designations  of  the  various 
"mines"  have  been  changed  since  the  ownership  changed.  They 
are  now  known  by  number,  viz: 

No.  1  is  what  was  known,  and  designated  in  our  former  reports 
as  the  Htuntz  mine.  It  is  the  most  easterly  of  those  on  the  south- 
ern slope  of  the  "north  range." 

No.  2  is  what  was  formerly  known  as  East  Stone  mine. 

No.  3  is  what  was  formerly  known  as  Stone  mine. 

No.  4  is  what  was  formerly  known  as  Stone  mine. 

No.  5  is  what  was  formerly  known  as  East  Ely  mine. 

No.  6  is  what  was  formerly  known  as  West  Ely  mine. 

No.  7  is  a  pit  on  the  former  Tower  mine. 

No.  8  is  what  was  formerly  known  as  the  East  Tower  mine. 

No.  9  is  what  was  formerly  known  as  the  West  Tower  mine. 

No.  10  is  what  was  formerly  known  as  the  Lee  mine. 

No.  11  is  what  was  formerly  known  as  the  East  Lee  mine. 

No.  12  is  what  was  formerly  included  in  the  Breitung  mine. 

No.  13  is  what  was  formerly  included  in  the  West  Breitung  mine. 

Under  the  direction  of  Mr.  H.  A.  Wilcox  a  systematic  probing  of 
the  region  has  been  carried  on  by  diamond  drill.  This  has  resulted 
in  the  discovery  of  the  existence  of  ore  in  some  places  not  known 
before,  and  particularly  near  Tower  in  the  "south  ridge"  or  Lee 
mine.  Some  of  the  particulars  of  this  drilling  have  been  supplied 
to  the  survey.  Indeed,  through  the  courtesy  of  Mr.  Geo.  C.  Stone, 
and  of  Supt  Bacon,  every  part  of  the  mine,  and  all  the  records 
whether  of  drilling,  assaying,  mapping,  shipping  and  grading,  per- 
taining to  the  operation  of  the  company,  were  thrown  open  to  the 
writer  for  the  use  that  might  be  wished  for  the  purposes  of  the  sur- 
rey. Much  assistance  was  afforded  in  making  this  re- examination, 
by  the  co-operation  of  the  officers  and  the  mining  captains  of  the 
Minnesota  Iron  Company,  and  especially  by  the  records  of  the 
drilling  and  some  chemical  analyses,  the  former  by  Mr.  H.  A.  Wil- 
cox and  the  latter  by  —  Waters.  Most  of  this  detailed  information 
is  to  be  found  in  the  special  report  on  the  iron  ores  of  the  state — 
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Balletin  No.  6,  accompanyiDg  this  report,  but  pablished  separatdy. 
Subsequently  the  same  courtesy  was  extended  to  the  survey  by 
the  superintendent  and  other  officers  of  the  mines  at  Ely. 

The  purpose  of  this  more  detailed  re-survey  was  to  arrive,  as 
nearly  as  might  be,  at  a  final  conclusion,  based  on  facts  observed 
in  the  field,  touching  the  question  of  the  origin  of  the  iron  ore;  and 
while  that  was  a  primary  purpose,  it  was  intended  also  to  obtain 
more  details  of  the  actual  manner  of  occurrence  of  the  ores,  the 
operation  of  the  mines,  and  all  the  statistics  that  would  be  needed 
in  making  a  full  presentation  of  the  iron  ores  in  published  form. 

These  observations  were  made  in  company  with,  and  by  the  as- 
sistance of  Mr.  Horace  V.  TVinchell  who  had  previously  examined 
many  iron  localities  in  the  state,  and  had  been  exclusively  at  work 
on  the  iron  deposits  for  about  a  year,  and  who  was  familiar  with 
all  the  theories  that  had  been  propos^'d,  and  the  obstacles  that  they 
met  with.  We  subsequently  published  in  The  American  Geolo- 
gLsi,*  a  summary  and  preliminary  statement  of  the  probable  result 
of  the  investigation,  so  far  as  it  related  to  the  origin  of  the  ore 
itself,  and  the  same  view  is  presented  again,  more  fully,  with  many 
facts  that  sustain  it,  in  another  part  of  this  report. 

At  this  place  but  little  more  will  be  given  than  the  connected 
thread  of  successive  field  observation,  with  references  to  the  illus- 
trative rock  samples,  and  somt  of  the  steps  in  the  argument. 

At  the  I.ee  mine,  rock  sample  1546.  Here  we  collected  some  of 
the  quartz  crystals  lining  vugs  in  the  dense  hematite.  These  have 
not  tho  clouded  "chalcedouic"  appearance  of  crystals  formed 
rapidly,  or  of  rapid  chemical  accumulation  without  crystalization, 
such  as  seen  in  the  (juartz  in  the  jaspilyte.  This  kind  of  quartz 
in  the  ores  of  the  district  has  frequently  been  described  in  the  re- 
ports, and  it  has  been  supposed  to  have  had  a  later  origin  than  the 
jaspilitic  quartz. 

In  the  dump  at  the  Lee  mine  (No.  10  as  above,)  is  seen  a 
reddibh,  eartby-lookiug  jaspilyte,  beautifully  streaked  as  with 
sedimentary  banding — No.  1547.  It  contains  much  pyrites,  which 
is  in  bands  autl  streaks  coincident  with  the  banding,  this  being 
apparently  the  f -  rni  taken  l)y  the  ore  when  accumulated  under  cir- 
cumstances that  gave  the  jaspilyte  this  earthy  character.  While 
this  pyrite  is  disseminated  minutely  through  the  whole  of  this, yet 
in  larger  (quantity  it  frequents  certain  bauds.  It  is  noticed  that 
these  bands  cease  abruptly  along  one  side,  when  vieweil  on  the 

•Aii;»'ii<Mi\  t{riilii'_'i-t,  vol.  iv.  p. :.".»!.    hm  a  iio^?*j/*J«:  dicmUal  origin  '»/  the  iitm  omtf  th 
AV«K'(ffiii  III  .Mi»niti«<)lii. 
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faroken  edge  of  the  sedimentation,  as  if  the  conditions  allowing  its 
formation  were  wholly  and  suddenly  changed  in  that  direction. 
But  on  the  other  margin  the  pyritiferons  bauds  fade  out  gradually 
in  the  midst  of  the  other  rook.  This  is  the  first  instance  in  which 
any  such  variation,  indicating  an  upper  and  a  lower  side  to  the 
jaspilyte  in  the  process  of  formation,  has  been  observed.  It  is 
probable  that  the  line  along  which  the  abrupt  change  is  introduced 
was  the  lower  side  of  the  pyrite  band,  and  if  the  position  of  this 
impure  jaspilyte  within  the  mine,  with  respect  to  the  strike  of  the 
ore  mass,  could  be  ascertained,  it  would  furnish  a  key  to  the  strati- 
graphic  order  of  super-position  of  strata  of  tlie  region-a  desideratum 
which  has  not  yet  been  supplied  by  actual  observation,  though  it 
has  been  hypothetically  deduced  from  a  general  view  of  the  whole 
region.  The  principal  pyritic  streaks  are  about  a  quarter  of  an 
inch  apart,  but  there  are  intermeJiate  variations  that  also  produce 
streaks,  anJ  on  one  side  of  the  specimen  collected  the  principal 
streaks  are  about  three  quarters  of  an  inch  apart,  and  somewhat 
undulating. 

In  other  pieces  this  impure  streaked  jaspilyte  appears  as  a 
pyritiferous  impure  hematite,  and  in  others,  still,  the  pyritiferous 
character  is  generally  disseminated  in  the  breccia  of  hematite  and 
earthy  jaspilyte.  In  larger  cubes  the  pyrites  is  seen  in  a  sort  of 
soft  greenstone. 

1548.  Breccia,  a  somewhat  stratiform  mass  of  fine  pieces  of  red 
jasper,  hematite,  jaspilyte,  quartz. 

1549.  Crystals  that  seem  to  be  chalcopyrite,  colored  sometimes 
blue  like  erubescite  ( ?)  or  boruite,  Lee  mine. 

[On  further  examination  these  blue  crystalline  grains  seem  to 
be  hematite  tarnished.] 

1550.  Finely  banded,  whitish  jaspilyte,  part  of  a  breccia,  Lee 
mine. 

155L  Hard  hematite,  with  conspicuous  included  crystalline 
masses  that  appear  to  be  chalcopyrite. 

Going  in  the  pit  of  the  Lee  mine,  which  is  now  100  feet  in  depth, 
under  the  direction  of  the  foreman  (because  we  inquired  as  to  the 
place  of  rock  No.  1547  in  the  mine),  we  find  the  succession  across 
the  Lee  mine  to  be  as  follows: 

In  fig.  5,  which  is  an  outline  plan  of  No.  10,  formerly  known  as 
the  Lee  mine,  the  star  (*)  indicates  where  the  bedded  rock,  No. 
1547,  was  found.  Next  north  of  it  is  breccia,  with  green  stone 
material,  with  considerable  pyrite  and  with  the  well-known 
white  kaolinic,  white  substance.    In  the  kaolinic  ma^eitV^  ^x^  ^i^t- 
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icitic,  but  rather  hard  and  coarse-grained  pebbles.  There  is  an 
abrupt  trausition  from  fine,  hard  hematite  to  the  rock  1547,  bat 
the  contact,  which  can,  with  some  difficalt3%  be  traced  out  on  the 
face  of  the  wall,  is  tortuous  and  oblique.  In  the  kaolinic  material 
are  also  rounded  pebbles  of  No.  1547.  The  general  order  of  suc- 
cession, across  the  mine,  is  thus,  from  north  to  south. 
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Fig,  //.    OiUUncplan  of  the  Lee  mine, 

1.  Greonstono  of  t  he  country,  a  chloritic  schist,  north  side  of  the  mine. 

2.  Brocciii  of  greenstone,  impure  jaspilyte  (rock  1547)  and  iron  ore,  with 
much  pyrite. 

:\.  Kefl,  impure,  sedimentary  banded  jaspilyte,  somewhat  resembling, 
in  sr>nn'  places,  a  rrd  shale,  though  it  is  always  too  hanl  and  too  heavy  t^j 
be  called  shale.  It  is  ditferent  from  tlie  well-known  jaspilyte,  as  it  shows 
no  distinct  chalcrdonic  silica,  and  only  occasionally  any  distinct  lines  of 
hematiti'.  It  is  not  an  important  deposit,  as  to  its  amount,  but  appar- 
ently tiiiite  so  as  to  its  nature  and  origin,  and  its  possible  relation  to  the 
pure  jasi)ilyte. 

4.     Fine,  hard  hematite,  pure. 

.3.  Main  mass  of  ore:  at  its  narrowest  place  alwut  five  feet  wide,  at  the 
present  face  of  the  slope. 

(>.    Jaspilyte,  too  poor  to  mine. 

7.    Greenstone  schist,  on  tlie  south  side  of  the  mine. 

It  seems  as  if  the  succession  of  formation  progressed  from  the 
south  to  the  north  (or  from  No.  7  to  No.  1),  the  impure  jasper,  Xo. 
3  (or  red  shale)  being  formed  by  wash  from  No.  4,  but  rendered 
soft  and  impure  by  influx  of  materials  from  No.  7,  or  some  other 
adjacent  greenstone,  and  accumulated  only  in  favorable  nooks, 
followed  by  another  greenstone  (or  schist),  the  latter  serving,  not 
only  to  break  up  and  embrace  in  form  of  a  breccia  all  the  forego- 
ing (Nos.  7to  3),  some  of  the  inclusions  being  from  the  impure 
jaspilyte,  some  from  the  iron  ore,  and  some  from  the  jasper  farther 
south — but  to  contravene  all  the  forces,  whatever  they  were,  that 
deposited  t\ie  ^aapW^^^,  ^\i&.\.o  ^\3Xi^\:\\.^>Xfe\\a  ^^^rsi'^x^ucts  entirely, 
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with  little  or  no  modification,  for  the  hematite  and  silica  that  had 
been  deposit^^l  immediately  before.  If  this  schist  (No.  1)  were  an 
undoubted,  massive,  homogeneous,  non- clastic  rock,  it  would  be 
necessary  to  infer  that  the  jaspilyte  had  been  covered  by  a  diabase 
overflow,  and  that  in  tbe  bottom  of  the  lava  the  materials  of  all  the 
former  strata  had  been  involved  in  a  brecciated  condition.  The 
occurrence  of  this  breccia  on  the  north  side  of  the  main  jaspilyte 
mass,  however,  is  not  conclusive  evidence  of  the  later  date  of  the 
origin  of  the  northern  side  of  the  Lee  mine,  since  there  are  jaspi- 
lyte masses  in  the  green  schist  further  noilh  still,  and  some  of 
them,  when  they  were  entire  and  continuous  in  one  mass,  may 
have  supplied  the  material  for  the  breccia,  allowing  the  order  of 
formation  to  have  been  from  north  to  south. 

Not  far  from  Lee  mine,  by  the  old  roadside  leading  to  the  Breit- 
ung  mine  and  to  the  ''location/*  on  the  top  of  the  main  hill,  a  large 
boulder  was  found  of  the  Stuutz  conglomerate,  and  its  examination 
afforded  some  interesting  facts. 

1.  This  boulder  contains  pebbles  of  chalcedonic  quartz  (1552), 
some  of  them  being  several  inches  across. 

2.  It  contains  pebbles  of  gray,  quartzose  felsyte  (1553  and 
1554). 

3.  In  these  felsyte  pebbles,  which  them^Ives  are  older  than  the 
boulder  in  which  they  are  embraced,  are  rounded  vitreous  quartz 
pebbles  which  do  not  indicate  any  granular  structure  like  the 
so-called  chalcedonic  silica. 

4.  Some  of  the  pebbles  of  1553,  represented  also  by  1556,  seem 
to  exhibit  an  imperfect  porphyritic  structure,  approaching  that  of 
''porphyrel"  at  Kekekebic  lake,  which  they  also  resemble  in  nearly 
all  other  respects.  This  may  point  to  some  relationship  between 
the  Keewatin  schists  represented  by  the  Stuntz  conglomerate,  and 
the  porphyrel.     The  rocks,  however,  need  a  closer  comparison. 

The  important  result  of  this  observation,  however,  is  in  the  bear- 
ing it  has  on  the  nature  of  the  granular  structure  of  the  jaspilitic 
silica.  It  has  been  presumed  by  some  that  the  jaspilitic  silica  is 
granulated  because  of  incipient  decay,  in  the  manner  that  the 
geodic  silica  in  the  gabbro  near  Duluth  becomes  granular.  Not 
to  mention  here  the  evident  difference  between  the  granulation  that 
is  due  to  decay  and  that  which  is  seen  in  the  chalcedonic  silica  of 
the  iron  mines,  it  is  sufficient  to  call  attention  to  the  perfectly  in- 
tact vitreous  condition  of  the  quartz  i^ehbles  within  ihe  pebbles  in 
this  boulder,  even  when  by  f  ractare  they  have  been  brought  to  the 
surface  of  the  boulder,  and  the  perfectly  characteristic  chalcedonic 
granulation  seen  in  the  younger  pebble  of  jaspilitic  silica.  No. 
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1552  above.  That  which  is  non-grannlar  in  this  boulder  is  neoes- 
sarily  older,  and  has  suffered  more  revolntion  of  physical  expoBore, 
than  that  which  is  granular,  for  it  is  embraced  within  a  smaller 
I>ebble,  whereas  the  granular-silica  pebbles  are  not  so  embraced. 
The  granular  silica  pebbles  are  of  the  age  (so  far  as  respects  the 
formation  of  this  boulder)  of  the  gray  quartzoee  felsyte  which  in- 
closes the  non-granular  silica  pebbles.  The  inference  is  inevitable 
that  it  cannot  be  exposure  and  incipient  decay  which  causes  the 
granular  condition  of  the  jaspilitic  silica. 

We  visited  again  the  place  that  has  been  so  many  times  referred 
to  south  of  the  Stone  mine  (pits  Nos.  2  and  3)  where,at  the  railroad 
cut,  there  is  such  a  curious  mingling  of  the  green  schistof  the  region 
with  jaspilyte.  I  visited  this  cut  with  M.  E.  Wadsworth  in  1886, 
to  call  bis  attention  to  the  sedimentary  interbedding  of  the  schist 
and  jaspilyte.  There  is  a  thin-leaved  interstratification,  and  the 
jaspilyte  is  genuine,  as  such,  not  in  ''compound  grains*'  as  I  had 
surmised.  Catting  all  this  chalcedonic  quartz  are  distinctly  dif- 
ferent veins  of  glassy  quartz,  of  chemical  origin,  which  has  to  be 
kept  separate  from  the  jaspilyte,  some  of  them  being  six  inches 
wide,  and  others  not  more  than  one-fourth  of  an  inch — also  geodic 
masses  of  the  same.    • 

Not  only  is  the  chilcadonic  silica  here  interbedded,  in  lenticular 
sheets  of  the  extent  of  one  to  three  feet,  (but  frequently  of  less  ex- 
tent) but  also  there  are  small  pieces  disseminated  through  the 
schist,  from  the  size  of  a  pin* bead  to  that  of  a  man's  fist,  and  also 
large  masses  having  a  red  and  purple  color,  placed  somewhat  ir- 
regularly in  the  schist. 

There  is  also  a  siliceous  base  in  the  schist,  which  has  this  same 
chalcedonic  grain,  and  some  layers,  (lenticular  still)  of  a  hard 
green  rock,  apparently  more  charged  with  this  same  silica. 

As  to  this  manner  of  occurrence  of  jaspilyte,  I  cannot  make  it- 
consistent  with  any  eruptive  hypothesis — nor  yet  with  sedimentary. 
The  green  schist  is  not  here  clearly  of  sedimentary  structure, 
though  there  are  variations  in  it  to  a  more  firm  and  siliceous  char- 
acter, that  may  be  attributed  to  sedimentary  accumulation.  It 
appears  to  be  best  explained  by  supposing  a  combination  of  erup- 
tive and  aqueous  agencies. 

South  of  the  Breitung  opening,  near  the  west  end  of  the  so-called 
**  north  ridge,"  runs  a  narrow  streak  of  ore,  about  east  and  west, 
and  since  I  saw  it  last  it  has  been  worked  some.  Westwardly  it 
suddenly  ceases,  and  a  swampy  patch  supervenes,  so  far  as  can  be 


STATE  GEOLOGIST. 


33 


-/ 


JL^r:fe.^-t 


seen  in  that  direction.  Toward  the  east  it  rises  in  the  south  slope 
of  the  main  ridge,  bat  as  it  is  under  drift  deposits  it  cannot  be 
traced  but  a  short  distance,  and  especially  since  where  the  work 
ceases  in  that  direction  it  became  rather  narrow — say  four  feet,  and 
fleemed  not  to  contain  much  ore.  The  structure  of  the  green 
schists  here  dips  northerly  at  85"^  from  the  horizon,  and  the  belt 
of  iron  and  jasper  oscillates  in  the  schists  on  one  and  the  other 
side  of  a  right  line. 

This  iron  deposit  is  not  first-class,  but  often  pyritif erous,  spongy 
and  irregular,  and  apparently  somewhat  manganesic.    The  schists, 

at  the  spot  where  this  belt 
crosses  the  road  to  the 
Breitung  mine  (No.  12), 
show  a  granular  graywacke 
or  sedimentary  structure 
and  origin,  but  not  gener- 
ally. 

On  inspecting  the  order 
of  changes  in  the  stratifica- 
tion across  this  narrow  iron 
belt  where  exposed  in  the 
cut  at  the  eastern  end  of 
one  of  these  small  pits,  a 
north  and  south  section  is 
obtained. 

The  narrow  ore-belt,  a 
section  of  which  is  seen  in 
figure  six,  is  very  largely 
"derived"  from  some  other 
larger  bed.  It  is  not  ex- 
actly like  the  regular  jaspi- 
lyte  ore  of  the  north  ridge, 
inasmuch  as  it  is  fragmen- 
tal  and  consists  of  rounded 
masses  of  both  jaspilyte 
and  green  schist.  This  is 
conspicuously  so  in  the 
breccia  on  the  southern 
side  and  in  the  conglom- 
Fifc.  No.  6.  erate  on  the  northern  side. 

North  and  rtouth  section  across  ore  pit  near  the  mi  y^    xu^   PAntrftl    nfirt 

Breitung.  In  the  narrow  ore  belt.  XOrOUgn   Xne   cemrai   part 
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of  the  ore  itself  there  is  considerable  pyrites,  and  on  the 
southern  surface  of  the  ore-streak  can  be  seen  some  original 
jaspilitic  silica,  where  the  hematite  is  hard.  There  is  in  this  ore- 
belt,  besides,  a  considerable  amount  of  limonite,  some  of  it  in  bot- 
ryoidal  surfaces  on  quartz  crystals,  and  on  hematite  (1564 ) .  The  lim- 
onite sometimes  is  further  covered  with  a  thin  blue  coat,  and  in  some 
cases,  especially  in  the  vicinity  of  pyrite,  there  is  a  surface  of  cox- 
comb crystals,  like  hematite,  covered  with  black,  which  last  possi- 
bly is  manganese. 

A  little  to  the  south  of  this  opening  is  a  shaft  for  hoisting  from 
this  pit.  It  seems  to  have  encountered  flinty,  gray  to  dark  gray, 
jaspilyte  (1565)  judging  from  a  large  number  of  fresh,  large  pieces 
that  lie  near  in  the  dump,  (=866  B).    Compare  1277. 

The  principal  Breitung  opening  is  very  irregular,  the  direction 
of  strike  of  the  main  ore  mass  winding  about  in  the  green  schist 
from  east  to  west  so  as  to  run  nearly  north  and  south,  and  abruptly 
ceasing,  or  beginning  where  not  expected.  Three  things  are  notice- 
able in  conjunction  with  the  ore. 

Ist.  It  is  heavily  jointed,  about  horizontally,  but  this  jointed 
part  is  better  ore,  and  lies  below  a  less  jointed  mass  of  jaspilyte, 
the  line  between  them  being  characterized  by  a  rotted  belt  (1566), 
running  diagonally  across  the  face  of  the  wall  and  descending  toward 
the  west  This  belt  where  most  rotted  is  a  breccia,  so  that  it  is  easily 
dug  out  even  by  the  hand,  and  the  part  that  disappears  by  rotting 
consists  of  angular  jaspilyte  masses.  Several  other  beds  of  similar 
soft  and  rotted  material  are  seen  in  the  ore,  sloping  toward  the  west, 
some  of  them  being  lenticular.  The  occ€£ion  of  this  rotting  is  the 
existence  of  the  joint,  into  which  water  enters  at  the  top  of  the 
ridge  where  it  comes  to  the  surface.  The  joint  cuts  everything, 
rigidly,  whether  breccia  or  not,  and  the  breccia  is  most  disintegrated 
by  the  moisture  and  frost.  This  is  evident  because,  while  the  rotted 
belt  in  the  main  follows  the  sloping  joint,  the  rotted  belt  widens  out 
when  it  approaches  and  cuts  a  breccia  layer  or  mass,  in  the  main 
rock,  and  in  other  places  the  beds  of  jaspilyte  are  preserved  entire 
or  mainly  so  (when  not  breccia)  across  the  rotted  layer. 

2nd.  The  surface  of  the  ore  abuts  immediately  on  the  green- 
stone, and  the  two  surfaces  are  mutually  slickensided,  the  green- 
stone,  in  one  instance  at  least,  having  a  fine,  curved,  semi-basaltio 
structure  which  at  the  junction  is  nearly  perpendicular  to  the  sur- 
face of  contact.  But  iu  other  cases  the  schist  is  red  and  hard  along 
the  contact  for  some  distance,  say  for  twelve  or  sixteen  inches,  and 
is  closely  cross  jointed  and  broken,  rendering  it  fissile  in  small 
angular  lumps. 


STATE  QEOLOOIST.  35 

3rd.  In  the  remaining  ridge,  whioh  separate  the  Breitung  from 
the  Tower»  the  firm  jaspilyte  of  whioh  it  consists  is  seen  to  contain, 
in  seyeral  places,  and  in  one  place  in  a  somewhat  continuous  layer 
traceable,  with  some  interruptions,  twenty  or  more  feet,  a  breccia 
and  conglomerate,  one  inch  to  four  inches  wide,  in  which  are  small 
rounded,  or  sub- rounded,  at  least  water  worn,  i>ebbles  of  vitreous 
quartz  (1567).  There  are,  on  both  sides  of  this  band,  and  in  many 
places  over  this  immediate  vicinity,  spots  of  breccia  of  chalcedonic 
silica,  cemented  by  smaller  breccia  and  pebbles,  as  well  as  by  mass- 
ive chalcedonic  silica,  all  of  which  consist  of  the  well  known  chal- 
cedonic silica.  But  in  the  above  vitreous  silica  there  is  no  such 
fine  grain  as  that  which  characterizes  the  jaspilitic  silica.  On  the 
hypothesis  of  decay  and  disintegration,  as  the  cause  of  the  granu- 
lar condition,  why  is  not  this  condition  seen  also  in  these  rounded 
vitreous  grains  which  must  be  older  than  the  chalcedonic  silica  in 
which  they  are  embraced?  This  observation,  like  that  already  de- 
tailed on  the  pebbles  of  a  large  boulder  seen  not  far  from  the  Lee 
mine,  negatives  all  resort  to  such  hypothesis.  In  this  i>ebbly  jas- 
pilyte the  vitreous  quartz  grains,  although  obvious,  are  distributed 
rather  sparsely,  and  the  whole  space  they  occupy,  forming  an  ir- 
regular and  interrupted  vanishing  belt,  or  layer,  near  the  center  of 
the  main  mass,  is  not  more  than  three  or  four  inches  wide,  and  is 
not  a  noticeable  band. 

North  of  the  Tower  mine  (No.  8),  on  the  north  slope  of  the 
north  ridge,  is  a  conspicuous  shoulder-like  protrusion  of  hard  rib- 
bon-jasper, with  characteristic  undulating  and  contorted  bands. 
This  jasi>er  has  five  or  six  thin  layers  of  green  schist,  or  siliceous 
green  schist,  running  through  it,  which  were  cotemporary  with  the 
formation  of  the  jasper,  since  they  are  flexed  with  the  red  and 
white  bands.  These  layers  enter  on  the  eastern  border  of  the 
exposure  and  continue  zigzag  across  it,  but  some  of  them  pinch 
out  or  fade  out  before  they  reach  the  eastern  border.  One  of 
them,  after  such  disappearance,  rises  again  faintly  a  few  inches 
further  west  between  the  same  colored  bands  that  enclosed  it 
further  east.  Figure  7  was  sketched  from  this  jaspilyte  surface, 
with  the  design  to  indicate  the  forms  and  alternations  that  are  ex- 
hibited, but  no  drawing  can  show  all  the  contortions,  and  transi- 
tions, and  alternations.  The  shaded  part  is  one  of  the  green  schist 
bands.  On  close  inspection  it  is  found  to  be  considerably  modified 
from  the  typical  green  schist  of  the  country,  having  a  liberal  per- 
centage of  silica — indeed  it  is  so  siliceous  that  were  it  not  for  the 
contrast  it  presents  with  the  smooth,  hard  jasper  it  would  hardly 
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the   uncovered    condition  oi 
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being  traeed.  Here  the  contortion  is  in  the  form  of  a  swell- 
ing and  lifting  toward  the  north.  The  beds  next  soath  run  along 
without  showing  any  sympathy  with  this  irregularity.  There  is 
also  a  similar  protrasion  and  contortion  seen  on  the  north  side  near 
the  center  of  the  sketch.  On  the  south  side  here  also  the  jasper 
ribbons  are  not  disturbed.  These  contorted  protrusions  toward  the 
north  must  have  formed  before  the  formation  of  the  succeeding 
jasper  bands  in  that  direction,  because,  not  only  do  they  not  par- 
ticipate in  the  contortion,  but  easily  pass  by  the  protrusions  with 
gentle  swells  and  flexures  that  are  independent  of  the  close 
crumpling. 

The  shaded  part  (Fig.  7)  is  a  belt  of  green  schist.  No.  1.  at  the 
left  is  a  thin  scale  of  brown  jasper.  Toward  the  right  further  it  is 
gradually  replaced  by  a  thin  scale,  and  further  still  to  the  right  by 
a  narrow  ribbon,  of  hematite.  In  this  brown  jasper  are  lenticules 
of  crimson  jasper,  presenting  a  maculated  handsome  surface.  It 
also  shows  the  fine  lamination  one  thirty-second  part  of  an  inch 
wide  which  has  before  been  mentioned  as  a  characteristic  of  the 
jaspilyte  ribbons.  It  also  embraces  thin  sheets  of  hematite,  and 
it  is  cut  and  cemented  by  transverse  veins  of  crystalline  vitreous 
silica.  No.  2  is  mainly  hematite,  but  it  has  threads  (really  sections 
of  sheets)  of  brown  jasper;  and  at  the  central  swell  it  is  rendered 
impure,  being  broken,  spread,  separated  by  brown  jasper  sheets, 
and  occupies,  with  the  jasper  associated  with  it,  the  whole  of  the 
swell.  No.  3  is  a  broad  band  of  brown  jasper,  that  also  shows  ^e 
crimson  jasper  already  mentioned.  No.  4  embraces  a  group  of 
hematite  sheets  interleaved  with  jasper,  too  thin  and  too  close  to 
be  separately  traced.  No.  5  is  a  band  of  hematite  which,  at  the 
east  end  of  the  sketch  is  seen  to  be  flexed  southward  so  as  to  em- 
brace and  to  coincide  with  the  pot-hook  direction  of  the  green  schist, 
but  toward  the  west  runs  independently  of  the  sharp  north-side 
hook  at  the  west  end  of  the  sketch. 

The  inevitable  inferences  from  a  study  of  this  rock  surface  are: 
(1)  that  the  two  substances,  the  green  schist  and  the  siliceous 
jaspilyte  and  the  hematite  were  the  product  of  practically  identical 
forces  acting  on  different  objects;  (2)  that  after  the  formation  of 
some  of  the  narrow  bands  they  were  disrupted  and  contorted 
before  the  formation  of  the  next  succeeding  bands;  (3)  that  the 
southern  side  was  the  lower,  and  hence  the  older  side,  and  that  the 
growth  was  from  the  south  to  the  north  (as  the  beds  now  stand); 
and  (4)  that  there  was  usually  a  complete  cessation  of  the  de- 
posit of  the  siliceous  jaspilyte  when  the  materials  of  the  green 
schist  were  accumulating,  and  vice  versa,  but  that  occeusionally,  as 
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illustrated  in  these  rather  hard  bands  of  green  schist,  the  two  sub- 
stances were  deposited  simultaneously. 

Any  theory  that  will  satisfactorily  account  for  the  origin  of  the 
Eeewatin  iron  ores,  must  allow  for  these  inferences  from  the 
physical  structure  at  the  same  time  that  it  plausibly  accounts  for 
the  origination  of  the  elements  of  which  the  jaspilyte  and  the 
green  schist  consist. 

The  fact  that  there  was  some  force  concerned  that  could  fracture 
the  last-laid- down  layer  without  disturbing  the  deeper  ones,  and 
that  it  was  remittent,  so  that  succeeding  layers  were  normally 
formed  and  were  not  fractured  is  demonstrated  also  by  a  sketch 
made  hero  showing  an  interrupted  layer  of  brown  jasper,  the 
separated  parts  being  surrounded  by  hematite  and  embraced  in  a 
continuous  schist  of  it,  one  of  the  integral  bands  of  the  jaspiljte, 
but  themselves  also  seamed  by  crystalline  silica  at  other  points. 
See  bulletin  No.  6. 

I  am  impressed  with  the  indications  that  this  silica  is  arranged 
by  sedimentalion.  What  was  its  origin? — probably  chemically 
precipitated;  perhaps  also  that  of  the  St  Peter  sandstone,  although 
they  are  very  different  in  respect  to  size  of  grain  and  in  age.  The 
eruptions  of  basic  rock  that  characterized  the  Keewatin  must 
have  made  such  changes  in  the  chemical  conditions  of  the  oceanic 
water  that  silica  and  hematite  were  thrown  down.  Can  that  be 
shown?  Then  came,  if  not  the  minute  crumpling,  at  least  the 
general  tilting  which  has  brought  the  beds  to  verticality. 

It  is  well  known  that  the  first  attempt  to  extract  ore  from  these 
hills  was  made  by  George  li.  Stuntz  and  John  Mallmann.  Mr. 
Mallmann  happened  to  be  at  Tower  at  the  time  this  examination 
was  being  made,  and  he  kindly  pointed  out  the  spot  where  this 
working  was  done,  and  we  made  a  photograph  of  the  same.  It  is 
near  the  Lee  mine,  on  the  south  side  of  the  "south  ridge,"  not  far 
west  of  the  east  opening  (No.  11).  By  the  blast  one  large  lenticu- 
lar mass  weighing  three  or  four  tons  was  rent  from  the  south  side 
of  the  jasper  bluff.  The  photo  is  intended  to  show  this.  In  the 
hole  excavated  by  the  men  and  by  the  blast  bushes  have  now 
grown  up,  but  the  course  of  the  drill  is  still  visible  on  the  upper 
side  of  the  dislodged  mass.  The  photograph  is  reproduced  in 
Bulletin  No.  6. 

In  the  highest  of  the  tunnels  of  the  Tower  mine,  which  dis- 
charges southward,  and  also  the  most  westerly,  and  at  the  southern 
end,  is  a  north  and    south  rock-cut   which  seems  to  trans-sect 
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•t  a  more  weBtem  point,  the  rock  to  which  I  have  so  often  referred 
•t  the  railroad  catting  immediately  soath  of  the  Stone  mine,  about 
half  a  mile  further  east.  The  mixed  and  generally  interleaved 
oondition  of  the  green  schist  and  the  jaspilyte  is  the  same,  bat  at 
this  place,  as  the  cut  is  across  the  atraetare  more  can  be  seen  of 
the  relationa  of  the  two  rooks,  viz. : 

1.  The  jaspilyte  is  contaiaed  ia  the  schist  in  leaticalar  masses, 
and  in  thin  interleared  vanishing  sheets  that  have  their  sharp 
edges  upward  and  downward.  This  is  most  manifest,  in  innnmer- 
able  instances  here  within  the  horizontal  space  of  thirty  feet 

2.  The  jaspilyte  is  contained  in  similar  masses  that  terminate 
east  and  west  in  the  schist 

3.  In  the  space  of  22  feet,  north  and  south  on  the  face  of  this 
ont,  I  connt  36  jaspilyte  layers,  varying  in  thickness  from  {  inch 
to  24  inches,  all  of  them  having  at  least  6  inches  extent  up  and 
downt  the  rest  of  the  rock  being  green  schist,  or  jaspilitic  red 
schist  (or  "shale"  similar  to  rock  1547).     Besides  these  there  are 

some  indefinite  graywacken  layers 
containing  rounded  pieces  of  jaspilyte 
as  pebbles. 

4.  On  the  east  side  of  the  cat  is 
seen  the  manner  of  termination  of  one 
of  the  larger  lenticules  of  jaspilyte, 
in  the  midst  of  the  schist  the  exposed 
terminal  end  appearing  unbroken  near 
the  track,  though  broken  off  at  the 
top  by  the  work  of  making  the  cat- 
ting. The  shape  of  this  western  term- 
ination is  represented  by  figure  8, 
which  shows  a  section  across  the  len- 

■  Wc.iKrn  tuniiiiiaiioii of  ii ]ii5pii)io ticule  north  and  south, 
lentlculi'. 

5.  Within  two  inches  of  this  large  mass,  sketched  above,  was  a 
mnaller,  appareatly  concretionary  mass  of  jaspilyte,  about  18 
inches  in  its  greater  (perpendicular)  diameter,  appearing  on  the 
face  of  the  cat  to  be  entirely  surrounded  by  the  green  schist  and 
separate  from  the  larger  lentlcale.  Desiring  to  know  whether  it 
was  connected  with  the  foregoing  large  mass,  I  had  a  crow-bar 
brought,  and,  on  making  some  excavation  aboat  it,  the  smaller 
egg-shaped  lenticule  was  dielwlged  entire  and  fell  to  the  ground. 
It  left  a  continuous  concave  socket,  the  exact  imprint  of  itself,  and 
was  coated  and  smoothed  over  its  whole  exterior  in  the  same 
maimer  as  the    larger  one,  and  was    wholly  independent   and 
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separate  from  it.  It  is  nambered  1568.  It  is  sharper,  in  cross 
section,  at  the  upper  end  than  at  the  lower,  and  while  about  18 
inches  in  perpendicular  diameter  it  is  four  and  one-half  inches 
thick  (n.  and  s.)  and  eight  inches  wide  (t.  e.,  east  and  west). 
Several  small  parts,  broken  from  the  upper  end  before  it  was  dis- 
lodged, are  also  given  this  number.  This  shows  that  the  egg  con- 
sists essentially  of  hard  chalcedonic  silica,  with  a  little  hematita 

6.  Within  the  tunnel,  toward  the  north  further,  the  green 
schist  contains  graywacken  bands.  In  these  are  small  pebbles  of 
chalcedonic  silica,  but,  in  1569,  can  be  seen  three  (^  in.  thick)  veins 
of  chalcedonic  silica  crossing  the  structure  of  the  green  rock  at 
oblique  and  varying  angles.  This  was  taken  from  the  roof  of  the 
tunnel,  about  15  feet  from  the  southern  entrance. 

7.  In  No.  1568  the  principal  color-bands  run  across  the  face  of 
the  section,  and  are  not  wholly  concentric  There  is  a  series  of 
accretionary  bands,  surrounding  these  and  inclosing  them  with 
an  outer  rusty  coHting,  which  gives  color  to  the  supposition  that 
the  egg  is  wholly  concretionary.  These  outside  bands  fade  off  in- 
to the  green  schist  structurally  and  mineralogically. 

8.  The  mass  itself  appears  to  have  been  a  fragment  dislodged 
from  its  native  place,  and,  while  perhaps  not  yet  firmly  rigid,  to 
have  been  imbedded  in  the  materials  that  now  constitute  the  schist, 
and  with  them  to  have  suffered  the  pressure  and  upheaval  that 
have  brought  the  beds  into  their  present  vertical  position.  If  it 
had  become  rigid  before  it  was  placed  in  the  schist,  it  might  still, 
perhaps,  have  been  compelled  to  take  its  ovate  form  by  reason  of 
pressure  and  the  mechanical  movements  to  which  the  beds  have 
been  subjected.  Judging,  however,  from  the  general  ovate  form 
of  all  the  jaspilitic  lenticules,  even  the  largest,  it  seems  more  reas- 
onable to  ascribe  this  shape  to  some  forces  or  circumstances  thai 
attended  its  origination  than  to  mechanical  causes  that  operated 
afterward. 

Bevisiting  the  old  pit  of  the  Stone  mine,  and  noting  the  so-called 
jaspilyte  dike,  illustrated  in  the  15th  report  (see  p.  235),  we  ob- 
served another  egg  or  jaspilyte  similar  to  that  just  described, 
though  this  is  partly  disintegrated  now  so  as  to  reveal  an  original 
brecciated  structure,  at  least  on  one  side.  The  harder  part  is  per- 
pendicularly banded  jaspilyte.  On  its  exterior  is  a  layer  of  red 
shale  about  one  and  one-half  inches  in  thickness.  This  egg  is  en- 
tirely isolated  within  the  schist  as  shown  by  the  following  sketch, 
fig.  9,  made  on  the  spot. 
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A  very  intereetiiig  and  iiuirac- 

=  tdve  observation  was  made  at  the 

e  Stantz  mine,  or  No.  1.   In  some  of 

I  the  large  angular  pieceB  thrown 
t,  ^  oat  upon  the  dump  is  seen  a  sin- 
Z  s  golar  sort  of  conglomerate  and 
u-  breccia.  It  is  illastrated  by  the 
-"^  following  sketch,  likewise  made  on 

II  the  spot,  fig.  10. 

£S  Iq  No.  1,  by  far  the  predomina- 
^  M  ting  ingredient  is  white,  ohalce- 
1 1  donic  silica.  The  same  is  tme  of 
I  ^  Ka  3.  No.  2  seems  to  have  been 
o  suddenly  introduced  in  the  midst 
i  of  a  Bilica-forming  epoch,  and  as 
A  suddenly  to  have  ceased.  This 
interraption  caused  the  coarse 
fragmentsl  transport  of  masses  from  eome  previooely  formed  green 
schist  and  from  the  previously  formed  brown  jaspilyte.  The  green 
schist  pieces  are  somewhat  rounded,  as  would  be  expected  from 
their  softer  nature,  but  the  brown  jaspilyte  pieces  are  angular. 


Expkmaiion  of  figure  10. 

1.  White  ehalcertonlc  silica,  banded  with  a  little  piiro  hematite. 

2.  CoDglomcrate  and  hroccia  of  green  schist  ami  brown  jasper 
black  parts  show  the  shapes  of  the  green  schist  plcc^es. 

3.  White  eillca  and  hematite. 
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This  indioates  some  rapturing  agent  that  aoted  on  both  rocka.  In- 
deed, there  are  many  evidences  that  a  frequently  reoorring  force, 
whatever  it  was,  interrupted  the  quiet  accumulation  sometimee  of 
the  jaspilyte  and  sometimes  of  the  schist,  and  tore  up  sometimes 
only  the  last  laid-down  thin  layer,  and  sometimes  larger  thick- 
nesses of  the  formed  beds,  and  removed  them  to  smaller  or  greater 
distances  from  their  native  places.  This  force  acted  in  a  common 
manner  on  both  the  acid  jaspilyte  and  the  basic  schist. 

There  is  hence  much  reason  to  suppose  that  all  three  of  the 
known  agencies  for  rock-forming  were  intermittently  at  work  and 
concerned  in  the  formation  of  the  iron  ore,  viz.:  Eruption^  to 
afford  the  basic  eruptive  material;  sedimeniation,  to  arrange  it  (in 
the  main),  and  chemical  precipitation  in  the  same  water,  to  give 
tlie  pure  hematite  and  the  chalcedonic  silica.  What  was  the  cause 
of  the  chemical  change  in  the  waters  of  the  Keewatin  ocean  that 
brought  about  the  precipitation  of  silica  and  hematite,  is  matter 
for  further  research.  An  ocean,  universal  as  the  Keewatin  forma- 
tion, charged  with  silica  in  solution,  a  hot  alkaline  ocean,  on  the 
outburst  of  volcanoes,  might,  perhaps,  be  so  far  heated,  and  evap- 
orated, as  to  be  compelled  to  deposit  silica  as  a  chemical  precipi- 
tate. On  the  other  hand  the  introduction  of  cooler  currents  into 
the  heated  region  would  disturb  the  equilibrium  of  saturated 
solutions,  and  hematite  (or  limonite)  might  be  the  resultant  pre- 
cipitate. There  is  reason  to  believe  the  earthy,  or  semi-crystalline, 
schists  of  the  age  of  the  Keewatin  are  world-wide,  and  that,  there- 
fore, the  ocean  everywhere  had,  in  general  then,  as  now,  nearly  a 
constant  character,  only  as  modified  by  local  or  wide-spread  volcanic 
agents. 

By  the  railroad,  just  south  of  the  Tower  pits  (Noa  8  and  9),  is  a 
light  greenish,  novaculitic  rock  which  dips  N.  75  to  80  degrees 
( 1557 ),  It  passes  into  graywacke.  It  is  also  highly  siliceous  with 
both  chalcedonic  and  vitreous  quartz,  and  has  a  fine  white  ingredi- 
ent that  gives  it  a  feebly  talcose  feel,  the  last  being  the  same  ele- 
ment that  we  have  called  sericitic.  The  soft,  light  green  (or  white) 
mineral  varies  in  amount  from  layer  to  layer^  so  that  some  of  the 
sheets  are  smooth  and  soft  throughout,  and  schistose,  others  being 
more  like  graywctbke,  and  others  almost  a  quartzyte  in  which  the 
vitreous  quartz  grains  can  easily  be  distinguished  from  the  chal- 
cedonic, by  their  dark  color,  that  is,  by  their  absorption  of  light 
which  falls  upon  their  fractured  surfaces. 

I  met  Mr.  W.  G.  La  Rue,  of  Barraboo,  Wis.,  and  he  gave  me 
further  evidence  that  there  are  really  two  quartzytes  concerned,  as 
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already  represented  by  me,*  in  the  geology  of  the  Gogebic  iron 
region.  One  is  that  which  is  the  foot-wall  of  the  Colby  and  Au- 
rora mines,  and  the  other  is  that  which  Mr.  La  Kue describes,  viz.: 
North  from  the  Colby  mine,  near  the  bluffs  of  the  gabbro  range, 
which  there  are  plainly  visible  rising  as  a  series  of  hills  within  a 
mile  or  less  of  the  village  (Bessemer),  he  was  employed  to  explore 
for  ore  by  shafting  for  some  parties  who  thought  there  was  ore 
near  the  gabbro.  He  said  that  under  the  gabbro  he  found  a 
quartzyte,  and  a  sandstone,  the  two  differing  only  in  induration, 
one  being  more  easily  excavated  than  the  other,  both  consisting  of 
crystalline  quartz.  He  shafted  under  the  qaartzyte  in  a  conglom- 
erate of  iron  ore,  which  seems  to  be  comparable  to  that  found  in 
a  similar  situation  at  Ishpeming,  Mich.,**  and  at  Cascade  near 
Negaunee,  and  after  a  time  he  found  that  the  conglomerate  turned 
almost  at  a  right  angle  toward  the  north.  He  did  not  seem  to 
know  what  was  under  the  conglomerate,  but  he  told  me  he  found 
the  quartzjte  and  sandstone  together  235  feet  thick.  This  was  in 
the  sw^,  ne^  sec.  10,  47-46,  Michigan.  This  is  apparently  the  un- 
conformable conglomerate  and  quartzyte  that  I  noted  at  Bessemer, 
at  the  railroad,  in  a  small  exposure,  in  my  sixteenth  report. 


IV. 

The  Age  of  the  Gabbro. 

In  attempting  to  correlate  these  observations  with  those  which 
have  been  made  and  recorded  in  previous  years,  there  is  some  dif- 
ficulty in  fixing  the  stratigraphic  place  of  the  gabbro  eruption.  It 
was  inferred  by  the  Wisconsin  geologists  that  the  gabbro  sheet  was 
the  bottom  layer  of  the  great  Cupriferous  formation,  or  Keweena- 
wan,  and  this  was  accepted  and  has  been  followed  unquestioningly 
by  the  writer  in  all  previous  reports  and  discussions  of  the  crystal- 
line rocks  of  the  state.  The  age  of  the  great  Cupriferous  formation, 
with  its  traps  and  conglomerates,  in  part  at  least,  has  been  estab- 
lished, with  increasing  evidence  and  positiveness  as  on  the  horizon 
of  the  typical  New  York  Potsdam — at  least  at  the  horizon  of  a 
quartzyte  which  overlies  the  Animike  of  the  northwest. 

Thus  the  gabbro  sheet  was  carried  to  the  same  age.  When  the 
gabbro  was  found  to  be  interbedded  with  a  quartzyte  in  northeast- 
ern Minnesota,  and  to  lie  ux>on  and  overwhelm  it,  (the  Pewabic 
quartzyte),  it  was  a  necessary  inference  that  that  quartzyte  was  the 

*    S«H?  J6tli  Annual  Report,  pp.  55-6. 

♦•    Jh-o  the  16th  Aniiuiil  Rci)ort,  pp.  44-47. 
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eqaivalent  of  the  Potsdam — or  at  least  of  the  bottom  quartzy  te  of 
the  Cupriferoas — and  hence  most  lie  over  the  Animike,  although 
at  no  place  could  the  Animike  be  seen  interposed  between  it  and 
the  gneisses  of  the  Giant's  range.  When  it  was  found  that  this 
quartzyte  which  is  the  principal  iron  horizon  of  the  Mesabi  range, 
shows  evidence,  in  the  region  eastward  from  Pokegama  falb,  of 
passing  below  the  body  of  the  Animike  strata,  necessarily  carry- 
ing with  it  the  gabbro  sheet,  the  idea  that  the  gabbro  has  possibly 
been  put  into  a  wrong  position  is  brought  out  prominently  before 
the  student  of  northwestern  stratigraphy,  and  he  is  disposed  to  call 
in  question  the  datum  from  which  some  important  conclusions  have 
been  drawn. 

The  gabbro  sheet  itself  is  a  wonderful  formation,  both  in  geo- 
graphic extent,  and  in  vertical  thickness.  It  is  also  wonderful  in 
the  diversity  of  lithological  variations  that  it  displays — t  e,  when  it 
approaches  the  characters  of  a  normal  doleryte,  or  when  it  is  inter- 
stratified  with  beds  of  sedimentary  origin,  or  when  it  is  modified 
by  contact  with  them.  Yet  its  persistence  under  erosive  and  at- 
mospheric agents,  and  its  great  volume,  causes  it  to  appear  promi- 
nently and  suddenly,  and  frequently,  giving  it  the  reputation  of 
greater  area  and  importance  than  it  deserves.  This  is  rendered 
more  marked  by  the  fact  that  its  line  of  outcrop  is  characterized  by 
heavy  drift  deposits  which  have  covered  up  the  less  persistant  for- 
mations and  hid  from  inspection  their  true  relations  both  to  the 
overlying  and  underlying  strata.  It  was  hence  a  very  natural  con- 
clusion that  its  advent  was  the  opening  scene  of  that  succession  of 
eruption  and  sedimentation  which  is  displayed  in  the  Cuprif eroua 
formation  and  that  the  whole  should  be  grouped  together  under 
that  single  designation. 

It  is  the  design  of  this  chapter  to  call  attention  to  some  facts  that 
indicate  that  the  gabbro  lies  below  the  Animike,  (Huronian  black 
slate),  in  great  part,  and  that  the  later  trap  eruptions,  continuing 
through  the  Animike  and  the  Potsdam,  (L  e.,  the  Huronian  quartz- 
yte), probably  constitute  the  age  and  the  strata  of  the  Cupriferous 
formation — the  "Eeweenawan*'  of  the  Wisconsin  geologists  In 
other  words  it  seems  as  if  the  Eeweenawan  series,  in  its  full  scope, 
embraces  not  only  the  age  of  the  Huronian,  (Potsdam),  quartzy te» 
but  also  of  the  black  slates  of  the  Huronian  that  underlie  the  quartz- 
yte. 

1.  The  most  important  and  significant  fact  that  bears  on  the 
stratigraphic  position  of  the  gabbro,  respecting  its  relation  to  the 
Animike  black  slates,  is  its  occurrenca  along  a  wide  extent,  reach- 
ing from  Guuflint  lake  southwestward  as  far  as  to  the  railroad 
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crossing  at  Mallmann'Sy  (at  least),  next  to  and  immediately  south 
either  of  the  gneiss  of  the  Giant's  range  or  of  the  ''greenstones"  of 
the  Kawishiwin,  without  the  appearance  of  any  of  the  black  slates 
between  them.  There  is  an  appearance  of  qiiartzyte,  with  olivine 
grains  and  with  magnetite,  geographically  between  the  gneiss  and 
the  gabbro,  the  same  being  unqaestionably  the  Pewabic  quartzyte 
seen  near  Gunflint  lake.  This  quartzyte  sometimes  is  impure  and 
limonitic,  and  seems  to  be  the  chief  iron  horizon  of  the  Mesabi 
range.  This  near  conjunction  (which  is  sometimes  apparently  an 
exact  contact)  of  the  gabbro  with  the  gneiss,  and  the  absence  of  the 
Animike  proper  between  them,  has  been  supposed  to  be  due  to  a  local 
overlap  of  the  gabbro  beyond  the  strike  of  the  Animike,  covering  it 
from  sight,  the  idea  being  that  the  gabbro  flowed  back  northward 
over  older  formations,  and  came  on  to  the  gneiss. 

2.  Although  there  has  not  yet  been  any  careful  microscopic  ex- 
amination into  the  differences  between  the  typical  gabbro  (for  in- 
stance that  seen  at  Bice's  point,  near  Duluth)  and  the  eruptive 
rocks  that  overlie  the  Animike  black  slates  at  Gunflint  lake  and 
eastward  to  Pigeon  point,  it  has  been  noted  that  there  are  macro- 
scopic distinctions  which  ought  to  be  explained  in  case  of  a  sup- 
posed parallelism  of  one  rock  with  the  other.  The  supposition  has 
been  that  they  are  stratigraphically  and  chronologically  the  same, 
and  that  the  differences  were  only  local  and  unimportant.  It  was 
this  assumed  parallelism  and  the  evidently  later  age  of  the  eastern 
outcrops  (the  "crowning  overflow"  of  the  Animike)  which  has  led 
to  the  placing  of  the  gabbro  later  than  the  Animike.  There  is  ab- 
solutely no  other  evidence.  If  these  two  eruptive  rocks  are  not 
contemporary  there  is  not  only  no  reason  against  but  considerable 
evidence  in  favor  of  placing  the  typical  gabbro  (such  as  at  Bice's 
point,  and  at  Little  Saganaga  lake)  below  the  body  of  the  black 
slates. 

3.  Boulders  of  characteristic  gabbro  and  of  red  syenite,  and  of 
quartz  porphyry,  occur  abundantly  in  the  later  "traps"  of  the  Cupri- 
ferous. The  quartz  porphyry  pebbles  are  so  abundant  as  to  consti- 
tute the  well  known  thick  beds  of  coarse  conglomerate;  and  quartz- 
porphyry  layers  or  lenticular  sheets  are  interbedded  between  the 
trap  sheets.  This  quartz-porphyry  in  some  cases  appears  to  have 
originated  in  its  present  condition  of  interleaved  sheets  during  the 
time  of  the  Cupriferous.  This  is  observable  at  the  mouth  of  Bap- 
tism river,  and  at  the  Great  Palisades.  At  these  points,  however, 
owing  to  the  proximity  of  bosses  of  gabbro  rising  above  the  rest 
of  the  country  about,  it  is  certain  that  those  portions  of  the  Cupri- 
ferous which  contain  the  original  quartz-porphyry  beds,  are  near 
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the  bottom  of  the  formation.  This  is  farther  shown  by  the  exist- 
ence, in  the  same  region  (at  and  near  Beaver  Bay),  of  large  bonlder- 
masses  of  gabbro  in  the  trap  flows,  evidently  derived  from  the 
neighboring  gabbro  hills.  From  this  point,  northward  to  the  gneiss 
of  the  Giant's  range,  nothing  is  visible,  in  the  form  of  rock  in  iitn, 
except  gabbro,  or  some  ''mascovado"-like  rock  described  at  some 
outcrops  somewhat  further  west*  by  H.  Y.  Winchell.  The  region 
is  not  fully  explored,  but  it  appears  from  all  that  is  known,  that 
there  is  nothing  to  be  found  of  the  typical,  thin  black  slates  of  the 
Animike.  It  is  as  reasonable  to  infer  that  they  followed  after  the 
gabbro  flood,  as  that  they  preceded  it.  In  case  they  followed 
after  it,  their  typical  characters  were  destroyed  in  this  region  by 
the  frequent  outbursts  of  igneous  eruption,  and  they  blended  with 
the  tuffs  and  shales  and  basic  sheets  that  constitute,  on  the  north 
shore  of  lake  Superior,  the  lower  portion  of  the  Cupriferous  for- 
mation. In  case  they  preceded  they  must  exist  buried  below  the 
gabbro,  as  hitherto  supposed. 

4  In  further  consideration  of  the  possible  infra-poeition  of  the 
gabbro  mass,  below  the  Animike  proper,  attention  should  be  given 
to  the  record  of  the  deep  well  at  Duluth,  as  given  in  Bulletin  Na 
5,  of  the  survey.  The  interpretation  of  the  record,  given  on  page 
34,  shows,  below  the  gabbro,  (which  is  found  to  be  220  feet  thick), 
quartzyte  and  conglomerate  beds  interstratified  with  imperfectly 
characterized  gabbro,  the  whole  having  a  thickness  of  67  feet 
Then  followed  trap  sheets,  and  fragmental  tuffs,  for  a  thickness  of 
89  feet.  Then  follows  what  was  thought  to  be  the  Animike,  "evi- 
dently the  Thompson  slate  formation."  In  the  light  of  the  fore- 
going  (Nos.  1,  2  and  3)  however,  and  on  reviewing  the  descriptions 
given  of  the  drillings  of  this  well  (pp.  31-34),  the  writer  considers 
it  quite  doubtful  whether  ''the  Thompson  slate  formation''  is  on  the 
horizon  of  the  Animike  of  the  northwestern  part  of  the  state.  The 
existence  of  a  minutely  granular  condition  in  the  quartz  (Nos.  39, 
46,  50),  recalling  the  ^'chalcedonic  silica"  of  the  Keewatin,  and  of 
a  distinct  slaty  cleavage  not  due  to  sedimentary  bedding  (  Nos.  23, 
3C,  37,  53),  and  of  hydromicaceous  or  sericitic  schist  (Nos.  28, 
30-39),  and  kaolinic  itacolumyte  (No.  41)  noticed  and  recorded 
when  tiie  writer  was  impressed  with  the  expectation  of  finding 
Animike  characterH,  must  be  admitted  to  point  to  the  Keewatin 
scliifitB  and  graywackes.  There  are  other  coincident  descriptions 
of  the  outcrops  about  Thompson,  to  be  found  in  the  tenth  annual 
report  (pp.  12-31)  which  throw  doubt  on  the  supposed  parallelism 
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of  the  Thompeon  slates  with  the  Animike  of  northwestern  Minne- 
sota, viz: 

1.  Folia  of  quartz  and  slates,  or  schists  interbedded,  (p.  12,  No. 
464,  p.  16,  No.  466,  p.  17,  No.  472),  is  a  character  not  known  in  the 
Animika 

2.  There  is  a  conspicuous  perpendicular  slaty  cleavage  in  all 
parte  which  is  not  dependent  on  the  sedimentary  structure,  a  char- 
acter not  seen  at  all,  or  rarely,  in  the  Animike  in  the  northwestern 
part  of  the  state. 

3.  The  clay  slates  are  frequently  pyritiferous,  (p.  18,  No.  473. ) 

4.  Feldspathic  graywacke  (often  called  gray  quartzyte  in  the 
original  descriptions)  is  a  conspicuous  feature  in  the  strata  north 
from  N.  P.  Junction  (p.  28,  No.  504). 

It  is  only  intended  here  to  make  record  of  these  reasons  for  hes 
itating  before  accepting  the  parallelism  of  the  whole  of  the  Thomp- 
son slates  with  the  Animike  of  the  northwestern  part  of  'the  state, 
notwithstanding  the  fact  that  it  has  been  accepted  hitherto,  both 
by  the  Wisconsin  surrey,  the  U.  S.  geological  survey,  and  by  the 
Minnesota  survey. 

5.  On  the  supposition  that  the  Animike  black  slates  are 
involved  in  the  Keweenawan,  and,  while  overlying  the  gabbro,  lose 
their  typical  characters  at  points  further  southwest,  the  interbed- 
ding  of  the  Animike  with  beds  of  trap-rock,  which  is  a  common 
feature  about  Gunflint  lake  and  on  the  shores  of  Loon  lake,  is 
easily  explained,  and  indeed  falls  into  place  as  one  of  the  to-be- 
expected  facts  of  such  a  period  of  recurring  eruptions.  It  also 
obviates  the  necessity  of  a  supposed  change  in  the  character  of 
the  eruptive  rock,  t.  e.  that  the  gabbro  of  Kice's  point  and  Little 
8aganaga»lake  becomes,  on  Pigeon  river,  the  dark  or  greenish  trap- 
rock  and  the  dioryte  which  inter-bed  and  characteristically  overlie 
the  Animike,  forming  the  well-known  "crowning  overflow''  of  that 
region. 

V. 

Further  Observations  on  the   Typical  Huronian,   and   on 

THE  Rocks  about  Sudbury,  Ontario. 

In  the  summer  of  1889,  on  the  occasion  of  the  Toronto  meeting 
of  the  Geological  Society  of  America,  the  opportunity  was 
improved,  both  in  going  and  in  coming,  to  extend  a  former  ac- 
quaintance made  with  the  rocks  of  the  region  north  and  east  of 
lake  Huron.*     A  resume  of  these  observations  was  read  before 

*  Compare  the  sixteenth  uunual  ropoi-t  of  thi>  Mlunesiita  survey. 
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the  MinDoaota  Academy  of  Nataral  Sciences  at  the  October  meet- 
ing, 1889.  In  order  that  the  bearing  of  the  following  facte  and 
interpretations  may  be  understood  by  any  who  have  not  given  close 
attention  to  the  developments  of  Archean  geology  in  the  northwest 
during  the  last  few  years,  a  brief  resume  may  be  the  best  intro- 
duction. 

It  is  well  known  that  in  the  term  Archean  are  included  two 
groups  of  rocks,  the  Huronian  and  the  Laarentian.*  These 
terms  are  of  loDg  standing,  and  have  been  used  in  the  geological 
literature  of  nearly  all  parts  of  the  world,  wherever  geological  re- 
search has  been  carried  on  in  the  oldest  rocks.  They  were  pro- 
posed by  the  Canadian  geologists  in  1855,  and  were  in  a  few  years 
adopted  by  the  geologists  of  the  United  States,  and  they  are  yet 
found  in  nearly  all  of  the  text  books  of  geology  in  use  in  this 
country,  with  the  signification  that  the  Canadian  geologists  have 
given  them.  It  is  not  necessary  to  say  here  what  inconsistencies 
were  involved  in  this  course  of  accepted  nomenclature,  nor  what 
injustice  was  rendered  to  American  geology  by  American  geolo- 
gists, nor  what  were  the  motives  that  apparently  actuated  the 
leaders  of  American  geological  opinion  thirty  or  forty  years  ago. 
It  is  only  necessary  to  say  that  Huronian  was  in  conflict  with  To- 
conic,  and  that  Archean  was  in  conflict  with  Azoic  as  well  as  AU 
hmtic,  names  that  had  been  proposed  earlier  by  United  States 
geolop^ists. 

With  the  revival  of  work  on  the  older  rocks  in  the  northwest, 
about  ten  years  ago,  it  was  found  that  the  original  Huronian  of 
Logan  and  Murray  had  been  amplified,  by  the  reports  of  the  later 
assistants  on  the  Canadian  survey,  by  an  important  extension  of 
the  names  downward,  over  many  varieties  of  rocks  not  yientioned 
in  the  Huronian  region  by  those  who  first  described  the  Huronian 
formation,  and  even  over  all  the  stratified,  or  schistose  forma- 
tions, down  to  the  massive  gneisses  and  syenites  which  are  called 
distinctly  Lanrcntian.  This  extension  had  also  been  accepted  by 
many,  if  not  by  all,  geologists  of  the  United  States.  This  was  true 
of  the  late  surveys  of  Michigan  and  Wisconsin,  and  of  the  earlier 
reports  of  the  Minnesota  survey,  and  was  maintained,  but  haltingly 
toward  the  last,  by  Prof.  R.  D.  Irving  up  to  the  time  of  his  death. 

In  order  to  get  a  correct  understanding  of  the  character  of  the 
Huronian  rocks  of  the  oiiginal  Huronian  area,  several  recent  re- 
examinations have  been  made  of  the  area  described  and  mapped 


8TATE  GEOLOGIST.  49 

by  the  Canadian  geological  sarvey.  The  first  was  that  oE  Prof  B. 
D.  Irving,  who  came  to  the  conclasion  that  the  so-called  Animike 
formation  oE  Minnesota  and  Thunder  bay  (in  Canada)  is  the  equiv- 
alent of  the  original  Huronian.  But,  unfortunately  for  the  cause 
of  correct  nomenclature,  Prof.  Irving,  who  had  embraced  the  ex- 
panded Huronian  in  his  Wisconsin  work,  so  continued  his  trip  be- 
yond the  limits  of  the  original  Huronian,  that  he  found,  eastward 
from  Algoma,  a  series  of  rocks  which  he  thought  also  belonged  in 
the  same  series  with  those  at  Thessalon,  and  so  verified  (?)  his 
classification  published  in  the  Wisconsin  report.  Hence,  while 
oorrectly  assigning  the  real  Huronian  to  its  western  equivalent 
(the  Animike  slates  and  quartzytes),  he  failed  to  see  that  outside 
of  the  mapped  Huronian  of  Logan  and  Murray  the  name  had  no 
right  to  be  extended  over  a  different  formation,  for  eastward  from 
the  mapped  area  another  formation  at  once  begins  and  hence, 
also,  he  continued  to  maintain  that  the  Animike  could  be  extended 
downward  so  as  to  cover  all  the  lower  schists  and  gray  wackes  and 
iron  ores  of  the  Northwest. 

Prior  to  this  an  unconformity  and  a  profound  change  in  lithology 
had  been  discovered  between  the  Animike  formation  and  the 
schists  below  it,  in  the  vicinity  of  Gunfiint  lake;  and,  at  a  later 
date,  those  schists  had  been  examined  in  the  region  of  the  Lake 
of  the  Woods,  and  while  placed  doubtingly  in  the  Huronian  by 
G.  M.  Dawson,  and  by  Bell,  had  by  Mr.  A.  C.  Lawson  been  given 
a  new  name,  (Keewatin)  who  exempted  them,  questioningly,  from 
the  Huronian  system,  showing  that  they  pass  unconformably  below 
the  Animike  which  had  been  said  by  Prof.  Irving  to  be  the  real 
equivalent  of  the  Huronian  on  the  north  side  of  lake  Superior. 

In  the  sixteenth  report  of  the  Minnesota  survey  will  be  found 
two  other  recent  descriptions  of  the  original  Huronian  rocks,  from 
an  examination  made  in  the  summer  of  1887.  Here  the  Huronian 
formation  is  distinctly  limited  to  the  strata  described  at  first  and 
named  Huronian  by  Logan  and  Murray,  and  the  name  given  by 
Dr.  Lawson  for  the  underlying  schists  (Keewatin)  is  adopted  un- 
qualifiedly, and  extended  over  those  schists  in  Minnesota.  The 
same  classification  had  been  adopted  also  in  the  fifteenth  report  of 
this  survey,  but  without  the  authentication  that  comes  from  a  fresh 
examination  of  the  old  data.* 

As  the  current  idea  of  the  Huronian,  as  at  length  extended  by 
the  Canadian  geologists,  began  to  be  questioned,  several  re-affirma- 

•The  writer  bus  rovlow«»(l  tlio  lil^'tory  of  the  Huronian  sv^tom  as  expounded hy  tln> 
Caiiadiun  K<^ol(nrists.  in  tin*  Amkuican  (jKo locust.  MfthotjlM  of  tttraUuiiiphy  ini*twiuinii 
ihe  Jluroninn.    Vol  iv.  p.  M'i. 
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tions  of  its  correctness  bavo  been  published  by  Drs.  Selwyn  and 
Bell.  It  was  in  the  light  of  these  discordances  that  some  recent 
re-examiuatious  have  been  made,  and  the  following  notes  were 
recorded  when  on  a  joint  excursion  with  several  geologists  from 
the  Toronto  meetings  of  the  American  Association  for  the  Ad- 
vancement of  Science,  and  of  the  Geological  Society  of  America. 

North  Bay. — The  rocks  about  North  Bay,*  on  the  northeasterly 
shore  of  lake  Nipissing,  placed  in  the  Laurentian  by  the  Canadian 
geologists,  consist  of  dark-colored,  micaceo-hornblendic  gneiss,  or 
gneissic  schist.  They  are  distinctly  bedded  by  sedimentation,  the 
characteristic  belts  of  which  run  parallel  for  long  distances.  They 
are  generally  fine-grained  and  often  red-weathering,  recalling  by 
this,  as  well  by  their  structure  and  mineral  composition,  some 
gneisses  seen  and  described  by  the  writer  in  1886,**  on  the 
Eawishiwi  river.  These  are  massive,  fine-grained,  red,  very  silice- 
ous beds,  as  if  from  a  quartzyte,  but  the  most  of  the  rock  is 
closely  laminated  varying  from  very  micaceous  to  very  orthoclas- 
tic.  The  strata  stand  about  vertical,  but  generally  show  some  in- 
clination southward — but  sometimes  northerly.  The  strike  is 
about  NW.  and  SE.  Some  of  the  gray  gneiss  (1573)  which  weathers 
reddish  (1574)  becomes  contorted  in  some  places  and  infolds,  un- 
conformably,  masses  of  a  dark  rock  very  different  from  the  gneiss 
(1575).  These  masses  are  wrapped  round  continuously  with  un- 
broken, but  curved  laminations  of  gneiss,  the  laminfe,  at  some 
distance  from  the  enclosed  masses,  becoming  straight  again,  and 
running  in  their  usaal  course.  These  contrasted  foreign  enclos- 
ures have  a  different  aspect,  and  a  different  composition  from  the 
micaceous  belts  of  the  gneiss.  They  are  both  micaceous  and 
hornblendic,  but  mainly  hornblendie;  non-laminated  and  generally 
containing  multitudes  of  fine  crystals  of  cinnamon-garnet.  In 
some  places  these  masses  are  very  large,  and  cannot  be  seen  to  be 
enclosed,  but  cat  off  the  gneiss  and  replace  it  in  large  areas.  The 
geology  in  general  here  recalls  that  of  Northeast  cape  in  Bassi- 
menan  lake  (fifteenth  report,  p.  358),  as  well  as  that  mentioned 
on  the  Kawishiwi  river.  The  rock  has  been  plastic  in  situ  and 
molded  about  masses  of  foreign  intruded  rock,  apparently  a  basic 
eruption,  but  has  not  been  molten  and  extruded.  In  general  the 
horizon  to  which  it  would  be  assigned  in  the  Minnesota  scale, 
would  be  near  the  bottom  of  the  crystalline  schists  (the  Yermilion 
series),  or  very  near  the  Laurentian  gneiss.    It  is  very  probable 

♦Tlio  r<K'ks  alxnit  Isikr  Nlpisslnir  havf  Imhmi  doscribed  in  the  Ciinadlan  ropurt>  l».v 
Aloxaiidt'i-  Miirniy.  fur  tht'  yt'iir  JS'>J.  fi)r  the  year  18,'»5,  and  maps  of  the  atlas  ai'coiu- 
Ijanylii^r  the  volmue. 

♦*See  tlie  tifleentli  n.«|)ort.  Minnesota  survey,  p.  ICHi. 
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indeed  that  rocks  like  these  have  been  included  la  the  Laarentian 
in  Bome  of  the  descriptions  and  map-coloring  in  onr  reports. 
Since  it  graduates,  in  Minnesota,  conformably  on  the  one  side  into 
typical  gneiss  containing  very  much  less  mica,  which  would  be 
placed  an  hesitatingly  in  the  Laurentian,  and,  also,  on  the  other 
band,  fades  out  by  the  loss  of  the  black  mica,  and  by  the  acquire- 
ment of  a  sub-crystalliue  and  finally  a  fragmoutal  texture,  into  the 
typical  rock  of  the  Keawatin,  it  is  evidently  only  an  arbitrary  liue  of 
separation  that  can  be  drawn  distinguishing  it  definitely  from  one 
or  the  other.  The  principal  difference  between  it  and  the  Keewa- 
tin  consists  in  its  more  nearly  perfect  crystalline  structure.  The 
principal  difference  between  it  and  the  greater  portion  of  the 
Laarentian  gneiss  in  Minnesota  consists  in  its  greater  percentage 
of  black  mica.     The  prevalence  of  the  black  intrusive  masses  oc- 


Iiiuludud  IioriitiU'riill''  >ii;i^s  ;ii  Nurlli  liny,  i-nu-^luE  I'lmlnrUniis  In  th<!  ffnt'l!-*. 

Bock  Samples  filitiiincd  ill  NurlH  liiiy  arc  riiiiiili.T.'d  as  fciUows:  i;.T:i 
Gray  gneis!),  tho  K''ii<t;iI  ivn-k  ;H,  Snrlh  ri:iy,  aftiT  llii-  wrjitln-nfri  surface 
Is  removed.  l.)74,  R(.'<l(Iish  wi'ath.in-d  (fiinisii,  a  surfaw  condition.  1576. 
HornbleDdo-micacLiiit)j  and  ganietiferous  tiark  rttck  i-nil)r:iced  in  thi' 
gneiss  (see  fl|;iire  H)  as  rurtign  masses,  and  as  larwe  ar>'as,  the  [lamina- 
tions  of  the  gneiss  imii\s  wr.ippMl  aimiit  thorn  i^nlirfly  and  roughly  wm- 
formlng  to  their  exteriors. 
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curling  tranBverse  to  the  strike  of  the  gneiss,  and  in  a  manner  in- 
volved with  the  gneiss,  showing  a  mutually  plastic  condition  of 
the  two,  is  a  characteristic  of  the  Vermilion  series  about  where 
the  transition  to  the  Laureutian  occurs  with  an  eruptire  uncon- 
fonnity,  the  foreign  intrusive  rock  being  the  dark,  homblendic 
masses  and  not  the  gneiss.  The  manner  of  occurrence  of  one  of 
the  smaller  hornblendic  and  gametiferous  dark  masses  was 
sketched  on  the  spot  and  the  same  is  represented  on  page  51  ( Fig 
11).    This  was  near  the  public  school  house  at  North  Bay. 

Wahnapitae.  A  sample  of  that  which  is  here  called  Huronian 
by  Dr.  Selw^^n  is  numbered  1576.  At  this  point  the  formation 
changes  from  the  Laurentian  to  the  next  higher,  or  supposed 
younger,  formation.  The  train  stopped  but  for  a  moment,  but  with 
difficulty  a  small  sample  of  the  country  rock  was  procured.  On 
examination  it  was  found  to  be  of  a  hydro-micaceous  schist,  silky- 
sericitic,  evidently  a  part  of  the  Keewatin.  Subsequently  Dr.  A. 
C.  Lawson  re-examined  this  point,  in  order  to  get  a  better  idea  of 
the  relations  of  the  formations,  and  according  to  verbal  description 
from  him,  there  appears  to  be  an  unconformity  of  stratigraphy  at 
Wahnapitae.  similar  to  that  at  Penokee  gap,  Wisconsin;  at  the  im- 
mediate contact  the  lower  rock  is  the  fine,  micaceous  gneiss,  or 
mica  schist,  probably  belonging  to  the  series  seen  at  North  Bay, 
and  the  upper  rock  is  quartzyte  and  gray  argillyte  interbedded. 

Ai  the  Sfobic  copper  and  nickel  mines,  about  three  and  a  half 
miles  north  from  Sudbury,  there  is  a  large  exposure  of  greenstone, 
coarsely  fibro-crystalline  with  hornblende  (1579),  seen  south  of 
the  mines  rising  in  high  ridges  and  domes,  resembling  the  ridges 
of  the  Kawishiwin  greenstone  of  Minnesota  (see  the  17th  annual 
report),  though  much  more  coarsely  crystalline.  This  lies  below 
the  rock  that  contains  the  copper  and  nickel  ores,  and  was  fruit- 
lessly penetrated  by  a  costly  shaft  in  pursuit  of  the  ore-bearing 
rock  several  hundred  feet.  The  present  mining  is  done  in  a  quartz- 
yte (?)  or  at  least  a  quartzose,  apparently  fragmental  rock,  which 
is  superficially  buried  under  a  thick  deposit  of  rusted  debris,  or 
goBsan-cap,  the  result  of  its  own  decay.  The  ore  permeates  this 
gray  granular  rock  in  the  form  of  sulphides  which  in  this  super- 
ficial layer  is  converted  to  oxides  and  carbonates.  The  mines  are 
still  not  deep,  although  some  tunneling  has  been  done  in  the  hill- 
side. Outwardly  the  resemblance  of  the  lithology  of  the  lower  rock 
(1579 )  to  some  of  those  described  in  northeast  Minnesota  belong- 
ing to  the  eruptive  portions  of  the  Keewatin  is  so  great,  that  it  is 
reasonable  to  suggest  that  it  represents  the  lower  formation.  But 
the  quarried  rock  cannot  be  assigned  with  any  certainty  to  the 
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same  horizon.  Its  resemblance  to  some  of  the  lower  feldspathic, 
gray  qaartzytes  seen  in  the  Animike  (Huronian),  and  its  manner 
of  occarrence  in  a  low  blaff  apparently  dipping  at  a  low  angle  away 
from  the  lower  greenstone,  as  well  a3  the  similar  occurrence  of 
abundant  sulphides  of  iron  (and  nickel  ?)  in  the  lowest  parts  of 
the  Animike  west  of  Gunilint  lake,  caused  me  to  regard  the  ore- 
bearing  rock,  on  lithological  evidence,  as  belonging  to  the  true 
Huronian,  and  hence  as  unconformable  on  the  other.  Samples  of 
the  ore  are  1578,  and  of  the  ore-bearing  rock  1577. 

At  the  Copper  Cliff  mine,  three  and  a  half  miles  s.  sw.  from  Sud- 
bury, according  to  Dr.  Selwyn  a  dioritic  dike  (1581  and  1584)  runs 
through  the  country,  and  the  ore  is  associated  with  that.  The  next 
rock,  on  the  north,  is  a  red  felsyte  (1583),  and  the  relations  between 
it  and  the  mined  rock  were  not  made  out  by  anything  I  saw  in  the 
short  time  we  were  on  the  spot.  The  red  felsyte  becomes  proto- 
genic,  or  granitic,  and  also  has  fine  black  mica-scales  developed  in 
it  in  other  places.  The  ore  of  this  mine  is  represented  by  No.  1582. 
Eastward  from  the  mine  is  a  small  kiiob  of  red  felsyte,  and  next, 
about  ^  mile  from  the  mine,  is  a  knob  of  coarse  conglomerate  in 
which  there  are  large  boulders  of  reil-weathering  felsyte  like  that 
at  the  mine,  also  of  laminated  fragments  of  a  grayish  rock  like  a 
fine-grained  graywacke  or  coarse  argillyte,  and  probably  others. 
The  matrix  is  gray  and  finely  siliceous,  of  which  No.  1585  shows 
an  average. 

At  1^  miles  from  Sudbury,  toward  Onahping,  tho  train  stopped 
for  the  examination  of  a  peculiar  rock  (158G),  recalling,  but  not 
identical  with,  the  hornblende-porphyry  of  Eekekabic  lake  (No. 
761),  but  having  much  coarser  crystals,  and  a  more  evidently  con- 
glomeritic  original  structure.  At  \  mile  further  nw.  this  conglom- 
erate is  more  crystalline,  the  matrix  beiog  reddish-weathering  fel- 
syte (1588),  and  the  included  masses  being  of  a  dark  basic  rock 
probably  originally  eruptive.  In  places  this  felsyte  becomes  gran- 
itic, and  the  large  dark  fragments  appear  as  boulders  and  included 
masses  more  or  less  modified  in  shape,  embraced  as  in  a  once  plastic 
or  molten  rock.  The  aspect  in  such  cases  is  much  like  some  Laur- 
entian,  and  if  it  were  to  be  found  to  extend  over  a  large  area  with 
these  characters,  it  would  probably  be  assigned  lo  the  Laurentian 
by  any  geologist.  This  illustrates  one  of  the  difficult  problems 
involved  in  the  use  of  tlie  term  Laurentian.  This  rock  is  in  the 
midst  of  what  passes  for  Huroninn,  and  is  derived  from  a  frag- 
mental  rock  which  is  like  many  seen  in  the  *' Huronian"  of  'the 
region.  It  assumes  first  a  porphyritic  aspect,  then  it  is  felsitic, 
weathering  reddish  with  a  pronounced  orthoclastic  ingredient,  then, 
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with  B  coarser  grain,  it  appears  like  an  eruptive  granite  embracing 
masses  of  foreign  basic  rock.  This  is  similar  to  some  observations 
that  have  been  made  in  Minnesota  in  the  Keewatin,  and  particu- 
larly on  the  upper  waters  of  the  Kawishiwi  river.  Similar  trans- 
itions have  been  observed  in  Michigan.  ♦ 

At  the  Murray  mine  the  ore  (1589)  is  in  a  conglomerate,  disinte- 
grating and  limouitic. 

At  Vermilion  lake  (i.  c,  at  the  crossing  of  the  Vermilion  river), 
is  a  repetition  of  the  falls,  ridges  and  rapids  seen  at  Thompson. 
Minnesota,  the  whole  being  manifestly  of  the  same  aj^e,  and  sup- 
po6('d  to  belong  to  the  Animike  or  true  Huronian.      The  dip  of 
these  slates  is  45'  towards  the  S.     Dr.  Bell  stated  that  the  train, 
before  arriving  at  Vermilion  river,  had  passed  over  these  slates  for 
about  five  miles,  viz;  through  a  very  flat  and   good   agricultural 
tract,  indicating  a  profound  change  in  the  underlying  rock,  inas- 
mucii  as,  up  to  the  place  of  entering  on  these  slates,  the  country 
had  l)eeii  very  rough,  with  frequent  exposures  of  the  rock.    The 
slate  is  black,  (or  purplish  black  when  dry),  generally  fine  grained, 
yet  with  some  evident  grains  of  quartz,  (No.  1590).     In  it  are  some 
curious  calcareous  bunches,  or  '^concretions,"  which  recall  the  soft 
masses  in  which  Dr.  T.  Sterry  Hunt  reported  evidences  of  a  '"kera- 
tose  sponge,"  found  near  Thompson,  MinnesotcL     Some  of  theee 
masses  are  two  feet  in  diameter,  with  rounded  outlines,  presenting 
on  the  weathered  or  glaciated   natural  surface  a  striking  contrast 
with  tlie  rock  which  encloses  them.     They  are  locally  designated 
'•snow-shoe  tracks."     This  brownish,  calcareous  material  is  repre- 
sented by  No.  1591. 

From  the  Verinilion  river,  traveling  still  northwest,  we  passed 
on  to  a  lower  series  of  strata,  the  dip  being  to  the  south-southeast. 
This  is  a  **slate  conglomerate,"  (1592),  and  causes  an  immense 
riilge,  loO  feet  in  hight,  more  or  less.  Into  this  rock  Dr.  Bell 
states  that  the  slates  at  Vermilion  river  graduate  conformably,  and 
inJ»?e(l  so  they  seemed  to  do;  and  in  this  respect  the  succession 
secMiirt  to  be  like  that  seen  in  the  region  of  the  original  Huronian 
northward  from  the  Thessalon  valley,  as  described  in  the  sixteenth 
roport  of  the  Minnesota  survey.  This  '*black  slate,"  therefore,  and 
th«}  underlying  ''slate  conglomerate"  should  be  considered  as  por- 
tions of  the  Huronian  as  described  by  Murray  and  Logan. 

Iijiinediatoly  after  passing  this  rid^e  of  *'slate  conglomerate," 
the  fiverago  surface  level  subsides  again,  and  the  country  is  more 
oven.  l]ut  the  rock  that  succeeds  to  the  slate  conglomerate  to- 
ward the  northwest,  is  mainly  a  reddish  felsyte,  similar  to  that  seen 

<  •■;ii|i:nt'  ilir  ir>ih  and  U\\]i  Ainiiiiil  n'i)<»rts.  Mhnios<»ta  survey. 
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in  the  vicinity  of  Sadbary,  and  necessarily  underlying  the  forego- 
ing slate  and  "slate  conglomerate."  It  is  also  broken  up  into 
irregalar  small  knolls,  and  presents  a  confusion  of  dip  and  strike 
that  contrasts  strongly  with  the  regularity  of  dip  and  strike  main- 
tained by  the  overlying  formation.  This  formation  seems  to  have 
supplied  many  of  the  f  elsitic  and  granitic  boulders  seen  embraced 
in  the  slate  conglomerate.  There  was  no  opportunity  to  make 
search  for  the  immediate  contact  of  the  '*slate  conglomerate"  on 
this  rock,  but  if  the  observations  that  have  been  made  recently  in 
the  area  of  the  original  Huronian,  and  on  the  Animike  in  Min- 
nesota, be  taken  as  guide,  there  would  be  found,  on  making  such  a 
search,  a  distinct  overlap  unconformity  at  such  contact  line. 

From  this  point  (Onahping)  the  excursion  car  turned  back,  and 
although  it  was  planned  to  make  a  stop  at  Wahnepitae  bridge  to 
allow  thosa  interested  to  inspect  the  contact  there  between  the 
Laurentian  and  the  ''overlying"  formation,  a  heavy  and  continu- 
ous rain  interfered,  and  the  car  returned  directly  from  Sudbury 
the  same  evening  to  Toronto. 

After  this  excursion  I  had  the  pleasure  and  the  benefit  of  a 
further  examination  of  the  original  Huronian  region  in  company 
with  Dr.  A.  R.  C.  Selwyn  and  Dr.  A.  C.  Lawson.  We  walked  from 
Algoma  to  Serpent  river  along  the  Canadian  Pacific  railway,noting 
the  rock  cuts,  and  the  following  is  the  general  result  of  my  own 
notes. 

Quartzyte  extends  from  Algoma  to  about  one  mile  east,  when  a 
greenish  slate  (1593)  appears  with  a  dip  &.  10°  w,  45 "^ — 65".  This 
is  fiae  grained  and  sometimes  cut  by  dioritic  dikes  of  epidotic  rock, 
like  that  at  Bruce.  Next  appears  at  1^  miles  from  Algoma,a  dark- 
gray  roofing-slate  (1594),  the  cleaving  and  bedding  dipping  south- 
erly at  an  angle  of  about  75'^.  Below  this  is  an  immense  stratum 
of  "slate  conglomerate" (1595),  (3d  of  Logan's  map  of  1863),  which 
is  charged  with  boulders  of  various  kinds  of  rock,  the  most  con- 
spicuous being  of  red  granite.  We  then  met  with  a  soft  fissile 
argillyte  (1596)  which  hardly  has  any  remaining  sedimentary  band- 
ing, and  in  it  are  elongated  lenticular  sheets  of  silica,  apparently 
chalcedonic  (1597).  This  resembles  some  seen  in  the  Keewatin 
but  there  could  be  seen  no  contact,  as  the  exposure  is  in  the  form 
of  an  isolated  ridge  which  passes  below  the  drift  on  all  sides,  so 
far  as  ascertained.  It  seems  to  be  not  a  part  of  the  argillyte  before 
mentioned.  This  stands,  in  some  places,  nearly  vertical.  Then 
comes  on  a  great  quartzyte  member  (1598),  but  this  is  quite  dif- 
ferent from  that  seen  at  Algoma,  and  in  the  Thessalon  valley.  It 
is  uniformly  very  fine-grained,  and  is  apparently  Logan's  '*gray 
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quartzite/'  the  lowest  iDcluded  by  him  in  the  Huronian.  It  is  at 
any  rate  the  same  as  the  Missasaugui  quartziffe,  so-called  iu  the 
16th  Minnesota  report,  which  was  there  supposed  to  be  Logan's 
lowest  quartzyte.  It  is  gray  within  and  weathers  red.  The  rail- 
road swings  back  and  forth  across  the  ranges  of  this  rock,  follow- 
ing the  easiest  route,  and  affords  some  good  opportunity  to  exam- 
ine it.  It  exhibits  important  differences  from  the  upper  Thessalou 
quartzyte.  It  is  interbedded  with  abrupt  transitions  from  hard,ap- 
parently  chalcedonic(?)  silica,  or  quartzyte, to  fine  chloritic  schists, 
the  beds  of  the  quartzyte  being  from  a  foot  to  two  feet  in  thickness, 
and  those  of  schist  from  two  to  eight  inches.  This  extends  for  at 
least  four  miles,  with  some  interruptions,  the  road  passing  in  gen- 
eral at  an  oblique  angle  across  the  strike  of  the  formation.  The 
beds  are  for  long  distances  straight  and  parallel.  At  a  distance 
the  face  of  the  rock  recalls  the  regular  and  straight  furrows  of  a 
plowed  field.the  schist  weathering  and  washing  out  easier  than  the 
quartzyte.  Such  a  view  is  seen  on  the  south  side  of  the  track 
about  four  miles  from  Algoma. 

At  a  point  still  further  east  the  conglomerate  recurs  by  the 
track.  Here  it  holds  quartzyte  pieces  like  the  quartzyte  just  men- 
tioned, and  also  others  of  red  granite,  and  numerous  pebbles  of 
bluish  vitreous  quartz.  It  also  embraces  pieces  of  nearly  black 
argillyte  (1599)  which  is  soft  and  has  a  nearly  white  streak. 

After  an  interval  of  nearly  a  mile  and  a  half  of  no  rock  exposure^ 
we  encountered  a  low  boss  of  fine-grained  black  mica-schist  (1600); 
with  siliceous  veins  running  with  the  strike.  Then  we  found  some 
argillitic  beds  in  which  were  some  crumpled  white  sheets  of  ap- 
parently chalcedonic  silica  (1601). 

After  an  outcrop  of  coarse  quartzyte  (1602)  resembling  some- 
what the  Thessalon  quartzytes,  but  less  granular,  whose  stratigra- 
phic  position  we  could  not  make  out,  on  account  of  the  interrupted 
nature  of  the  exposures  and  the  variation  in  the  direction  of  the 
track,  we  noticed  two  dikes  of  more  recent  diabase  (1603)  cutting 
the  slate  conglomerate  and  running  nearly  coincident  with  the 
strike,  and  having  a  columnar  structure  about  horizontal.  Under 
the  conglomerate  here,  /.  c.  just  before  reaching  Cook's  Mills,  at 
the  mouth  of  Serpent  river,  conspicuous  outcrops  appear  of  a  fine 
mica  schist  (1604),  which  is  probably  the  recurrence  in  force  of  the 
mica-schist  before  mentioned  ( 1600).  It  is  not  bedded  but  massive, 
and  becomes  hornblendic,  recalling  some  parts  of  the  Vermilion 
series  of  Minnesota.  This  continues  to  Cook's  Mills  and  forms  the 
outcropping  rock  at  the  station  and  about  the  village.  No  positive 
observation  was  made  on  the  stratigraphic  relation  of  this  horn- 
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blendic  mica- schist  to  the  slate  conglomerate,  but  its  place  is  as- 
Bumed  to  be  below  the  conglomerate  because  of  the  known  relation 
of  theHuronian  (i.  e.  the  described  Huronian  of  Murray  and  Lo- 
gan) to  such  rocks  in  other  places. 


SUMMARY  OF  THESE  OBSERVATIONS. 

It  appears,  therefore,  that  both  northwest  from  Sudbury  and 
eastward  from  Algoma  there  are  two  formations.  The  slate  and 
the  slate  conglomerate  in  both  sections  constitute  the  upper  forma- 
tion. In  the  region  northwest  from  Sudbury  the  underlying  rocks 
are  largely  f elsitic,  but  are  also  micaceous,  and  at  the  Stobie  mines 
become  homblendic.  These  changes  are  identical  with  changes 
that  are  known  to  occur  in  the  Keewatin  in  Minnesota.  In  the 
section  eastward  from  Algoma  the  underlying  formation  seems  to 
be  the  Missasaugui  quartzyte  with  interbedding  of  green  fissile 
schist,  in  part,  ^d  a  mica  schist  varying  to  homblendic  schist,  in 
part,  the  latter  being  further  east. 

There  seems  to  be  some  irregularity  in  the  order  of  succession 
in  the  section  eastward  from  Algoma,  bringing  in  several  outcrops 
of  strata  that  belong  higher  up  in  the  series.  If  this  be  not 
illusory,  and  due  rather  to  the  winding  of  the  railroad  from  north 
to  south  to  avoid  the  hills,  it  may  be  accounted  for  by  such  fault- 
ing and  upheaval  as  have  been  described  in  Minnesota,  such  as 
have  produced  the  sudden,  but  indistinct,  unconformities  and  tran- 
sitions from  the  Huronian  to  the  Keewatin,  that  have  been  des- 
cribed there.  Further,  the  quartzyte  which  has  been  alluded  to 
as  the  Missasaugui  quartzyte,  and  supposed  to  be  Logan's  lowest 
gray  quartzyte,  is  probably  not  his  lowest  gray  quartzyte,  but  it  is 
rather  a  constituent  part  of  the  Keewatin.  It  is  allied  in  all  its 
lithology  no  less  than  its  persistent  verticality  to  the  Keewatin  and 
seems  to  have  been  formed  in  the  Keewatin  ocean  in  the  same 
manner  as  the  jaspilyte  beds  of  that  horizon,  i.  e.,  by  chemical 
precipitation,  the  green  schist  layers  showing  such  advent  of  basic 
eruptions  or  volcanic  ash  as  could  form  chloritic  schists  in  the 
same  way  as  in  northeastern  Minnesota.  The  "lower  gray 
qoartzite,'  (No.  5  a),  of  the  original  Huronian,  according  to 
Ijogan's  map  of  1863.  appears  a  few  miles  east  of  Thessalon  at  the 
lake  shore,  and  there  produces  an  unconformable  contact  on  the 
gneiss  of  the  Laurentiau.  This  contact  has  been  examined  by 
Prof.  Irving  and  more  lately  by  Dr.  A.  C  Lawson,  and  they  con- 
cur in  the  statement  that  the  conglomerate  is  a  pudding-stone  of 
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r-  i- irr  i  ::>.-r' -T.  Lhviz.::  a  quartz} t-^  matrix.  There  can  b-e-  but 
lif.lr  i  /;:.•:  ti-^t  it  :-  tLf  s-.iiir-  a.??  that  sr-en  in  the  vieLciry  of 
Ti>-r -.!•:-.  =iiL  1  i.^i.ce  :L?it  it  :=  tL-f  TLrr=5alon  qu&rtzyte  in  i  ;  vr- 
■  «  '  ::.-  Ti--trrs  a:.  J  t-I'-.z^  c 'LLy-'riierstrii.  b-ing  ne^.r  :Lr  top  rather 
ti.^-i.  i.-nr  tL-^:  YyAlorn  -..f  ti.-^-  orii^^iLal  Hur«'Lian.  TLis  inist&ie  i= 
a:,  r  M-r.'.:lv  the  sam**  a.-  i;.a'j*=r  iL  ^a.-terL  New  Y-'-rk  an  J  in  Ver- 
i.aM.r.  -.vLere  the  granular  'raar!/.  ■  ■'■  an.l  the  Po:5..1aia  or  re»i  ssn-J- 
I'y.r:  .r-eiiij;  t'j  overlap  an-.i  hiJe  froiii  si«'ht  the  formation  imi^e-li- 
ate!y  ■.iler.  an-l  lies  in  uneoLforn.ity  on  a  still  oLler  terrane — ozl 
the  -art  oii  the  frneiss  of  ti;e  Grei-n  mountains,  and  on  the  west 
t»h  the  -^nei.^rj  of  the  A  liron-laok--.  It  caa«el  the  early  ge»Dl  :»^:5to 
to  i::estioii  liie  existenc--  of  any  such  formation  as  the  Tao»:»nie — 
that  '^leai  s^^-ri-s  in  -.vhich  has  been  brouirht  to  lijrht  latterlv  a 
wo:,  leifu!  fauija  of  primoriial  life,  and  which  exteii'ds  from  the 
Atlantic  slopes  to  the  western  basis  of  the  Rocky  mountains. 
Thi.-  overlap  unconformity  implies  a  sinking  of  the  pre-existing 
land,  and  of  the  f^cean's  bed,  bringing  the  later  formed  strata  over 
the  beachdimit  that  esistei.1  before. 

Wm  mav  conclude  therefore  that  the  observations  that  were  made 
on  th»-  recent  excursions  contirin.  at  least  do  not  contravene,  the 
views  lately  set  forth  by  Irvinjr,  Bonney  and  Lawson.  and  the  con- 
cl'ir-ioiis  published  by  the  rep«'jrts  of  the  Minnesota  survey,  to  the 
ei?'=-r-t  that  the  Huronian  system,  as  now  defined  and  understood  by 
the  Canadian  geological  reports,  really  embraces  two  or  three  forma- 
tion r?:  that  one  of  these  is  the  true  Huronian,  as  at  first  described 
ai.d  mapped  by  Murray,  another  is  the  Keewatin  of  Dr.  A  C.  Law- 
son.  C'intaining  the  iron  ores  at  Tower,  Minnesota,  and  another  is 
the  -eries  of  crystalline  schists  which  we  have  styled  Vermilion 
serie-r.  In  other  plac€is  these  three  formations  have  been  fully 
treatel.^  They  are  distinctly  separated  by  lithology  and  uncon- 
forii.ities  that  have  been  noted  from  Vermont  to  Minnesota,  and 
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shoald  DO  longer  be  included  under  a  single  term — at  least  not 
under  the  term  Huronian,  which  at  first  had  a  correct  and  adequate 
definition  embracing  but  one  of  them. 

VI. 

Additional  Rock  Samples  Numbered. 

Lrr>llcotfd  by  N.  H.  Wincrhell.  inlended  to  illustrutt'  his  fleltl  notos  in  1888  and  1889. 

1501.  Vein  rock  and  pyrites,  from  the  quartz  vein  supposed  to 
be  auriferous,  at  Eagle  Nest  lake,  east  of  Vermilion  lake;  accord- 
ing to  Bobert  Angst  this  also  contains  metallic  copper.  [See  de- 
scription of  this  vein  in  the  15th  annual  report,  p.  32.] 

1502.  Chemical  silica,  Tower,  embraced  in  considerable  masses 
in  immediate  proximity  to  the  chalcedonic,  in  the  green  schist 

1503.  Chemical  (granular?)  silica,  in  a  vein  about  half  an  inch 
wide  running  transverse  to  the  green  schist,  Tower. 

1504.  Chalcedouic  silica,  immediately  adjacent  to  1503;  reddish, 
in  thin  laminations. 

1505.  Some  of  the  schist  seen  interstratified  in  argillitic  slate 
at  the  low  "slate"  knoll  south  of  the  ''south  ridge"  and  west  of 
Tower. 

1506.  Four  samples  showing  the  relations  of  the  chemical  silica 
to  the  hematite,  at  the  Lee  mine,  near  Tower. 

1507.  Brecciatea  jaspilyte,  cemented  by  a  finer  breccia  of  the 
Bame.     From  a  boulder,  but  fairly  illustrating  the  beds  in  situ. 

1508.  Black  schist  with  pyrite  balls,  at  the  pits  at  the  N.W. 
base  of  Chester  peak. 

1509.  On  the  top  of  Chester  peak  some  small  veins  consist  of 
chalcedonic  silica,  crossing  the  jaspilyte  banding. 

1510.  At  Ely;  a  sample  of  the  green  schist  showing  the  forms 
of  two  boulders,  and  the  darker  green  rock  separating  then). 

1511.  Amygdaloidal  portions  of  some  of  the  boulders,  showing 
the  tubes  perpendicular  to  the  surface;  from  the  green  agglomer- 
ate at  Ely,  at  the  railroad  cut. 

1512.  Chalcedonic  silica  from  veins  and  spots  in  the  rock  1510. 

1513.  Vein  matter  in  1510,  similar  to  1501.  Probably  auri- 
ferous. 

151:1.  Sample  of  the  gneiss  at  the  Hinsdale  quarry,  i.  c,  in  the 
Giant's  range. 

1515.  Frazer's  quarry.  North  Redwood  P.  O.,  near  lledwood 
Falls,  on  the  Minnesota  river.  Massive,  gray,  uniform  gneiss* 
without  bands  of  color. 
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1516.  Same  place.     Gray  gneiss,  with  alternating  and  iutei- 
shading  micaoeoas  and  feldspathic  belts. 

1517.  Same  place;  samples  showing  much  red  orthoclase. 

1518.  (Tueiss,  with  much  red  orthoclase.     Morton  quarries,  uear 
Redwood  Falls. 

1519.  Gneiss,  showing  inclusion  of  a  micaceous,  ''black  rock/' 
Morton  quarries. 

1520.  From  a  granite  mound  on  sea  12,  T.  Ill — 38.     Redwood 
county.     A  bedded  granitic  rock,  showing  no  red  orthoclase. 

1521.  The  gray  quartzyte  at  Pokegama  falls  on  the  Mississippi 
river  near  Grand  Rapids.     Compare  257  (H) — 259  (H). 

1522.  The  gneiss  at  the  upper  falls  of  Prairie  river. 

1523.  Showing  micaceous  schist  in  alternations  with  the  gneiss 
at  the  upper  falls  of  Prairie  river. 

1524.  Coarsely  crystalline  orthoclastic  belts,  from  the  gneiss  at 
the  upper  falls  of  Prairie  river. 

1525.  Reddish  and  chloritic  mass  wedged  in  the  gneiss  at  the 
upper  falls  of  Prairie  river. 

1525  (a).    Spottedness  shown  on  the  quartzyte  at  Prairie  rirer. 

1526.  Shows  another  spottedness.    Here  the  rusty  spots  weather 
out  and  produce  a  pitted  surface  on  the  quartzyte;  same  place. 

1527.  Hematite  and  impure   hematite,  siliceous  and  jaspery. 
Prairie  river  falls. 

1528.  Rock  shown  at  about  the  horizon  of  this  hematite. 

1529.  Somewhat  above  1528.     Finely  laminated  or  "streamed." 
also  brecciated.  jaspilyte,  with  some  vitreous  silica. 

1530.  Jaspilyte  and  hematite,  closely  intermixed,  but  not  inter- 
laminated.     The  red  jaspilyte  appears  as  a  felsyte. 

1531.  Hematite  at  this  horizon;  about  one-fourth  is  hematite. 

1532.  Some  of  the  quartzite  that  underlies  this  ore  is  conglom* 
critic  ill  patches. 

1533.  Red  shale.     Griffin's  camp,  N.  E.  i  Sec.  22,  56-24. 

1534.  Iron-bearing  rock.     The  ore  impure  and  in  broken  and 
irregular  sheets;  hematite. 

1535.  Same  as  1534.     Pit  No.  2,  but  struck  at  15  feet  below  the 
surface. 

1536.  Same  as  1534.     Pit  No.  3.     Struck  at  one  foot  below  the 
surface. 

1537.  Slaty  hematite,  rather  low  grade  (47  p.  c.  iron)  N.  W. } 
N.W.  ISec.  21,  56-14. 

1538.  Magnetic  iron  ore.  Sec.  23,  60-23.     Fleck's  location:  frum 
John  ]>eckfelt. 

loiV.l     Rock  associated  with  1538.  * 
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1540.  Dolatb;  on  the  Weller  road,  about  1^  miles  from  lake 
Superior,  but  about  2  miles  from  the  business  part  of  Duluth. 
Gray,  porphyritio  gabbro,  with  a  fine  magma. 

1541.  Shows  contact  of  the  '*red  rock"  on  the  gray  rock  1540. 

1542.  Bed  rock,  crystalline,  with  some  light-green  spots,  from 
the  AVeller  road,  same  place  as  1540. 

1543.  Granular  silica,  appearing  somewhat  as  if  originally  chaN 
cedonic  (see  519).    Same  place. 

1544.  Vein  matter  in  gabbro,  at  Bice's  point. 

1545.  Si^pentinous  vein  matter  in  gabbro  at  Bice's  point. 

1546.  Quartz  crystals  lining  TUgs  in  dense  hematite.  Lee  mine, 
near  Tower. 

1547.  Beddisb,  earthy-looking  jaspilyte.     Lee  mine. 

1548.  Breccia  of  fine  pieces  of  hematite,  red  jasper  and  quartz, 
somewhat  stratiform.     Lee  mine. 

1549.  Tarnished  hematite,  appearing  as  if  it  might  be  some 
copper  sulphide;  Lee  mine.     Coatings;  Lee  mine. 

1550.  Finely  banded  (sedimentary?),  whitish  jaspilyte;  Lee 
mine. 

1551.  Hard  hematite,  with  included  crystals  of  chalcopyrite. 

1552.  Piece  of  chalcedonic  quartz  mass,  embraced  in  a  boulder 
of  Stuntz  island  conglomerate  (agglomerate),  near  the  Lee  mine. 

1553.  Piece  of  gray  quartzose  pebble  or  gray  "felsyte,"* con- 
tained in  the  same  boulder  as  1552. 

1554.  Pebble  from  the  same  boulder  containing  vitreous  quaitz. 

1555.  Matrix  of  this  boulder  containing  the  above  pebbles. 

1556.  No.  1553  becomes  porphyritic  in  1556. 

1557.  Light  colored  graywacke,  or  novaculyte,  greenish  white, 
with  distinct  grains  of  glassy  quartz:  at  the  railroad  just  south  of 
Tower  pit  (Nos.  8  and  9).     Dips  N.  about  75"— 80  . 

1558.  Green  schist,  south  of  the  Stone  mine,  at  the  railroad  cut. 

1559.  Interbedded  jaspilyte  in  1558. 

1560.  Fine  grains  of  disintegrated  white  jaspilyte;  dump  of  the 
Stone  mine. 

1561.  Breccia  of  jaspilyte  and  of  hematite  cemented  by  chemical 
silica;  dump  of  the  Stone  mine. 

1562.  In  the  dump  of  the  Stone  mine  some  of  the  quartz  crys- 
tals are  superficially  roughened  and  corroded — some  of  the  fine  crys- 
tals.   What  caused  it? 

1563.  Green  shale  breccia;  from  the  dump  at  the  scram  south- 
west of  the  Breitung  mine. 

1564.  Botryoidal  limonite  on  quartz  crystals  and  on  hematite; 
same  place. 
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15G5.  Flinty,  gray  to  dark  gray  jaspilyte,  from  the  dump  of  the 
hoisting-Blinft  of  the  same  place.     Compare  866  B.  and  127/. 

1566.  Hotted,  angular  masses  of  jaspilyte  as  intersected  by  the 
water-bearing  course  of  a  joint  crossing  a  mass  of  contorted  jas- 
pilyte, at  the  Breitung  mine. 

1567.  Pebbly  conglomerate,  embracing  small  grains  of  vitreous 
quartz;  a  patch  or  belt  in  otherwise  typical  jaspilyte.  In  the  ridge 
that  remains  separating  the  Breitung  from  the  Tower  mine. 

156S.  A  jaspilyte  egg,  somewhat  concretionary,  at  least  indis- 
tinctly concentric  in  some  color  bands.  From  th^  cut  made 
for  the  high   tunnel   running  south  from  the  To  it  (No.  9), 

where  it  crosses  the  light  ''ore  streak." 

1569.  Coarse  graywacke,  rather  soft,  taken  from  the  roof  of  the 
same  tunnel,  crossed  by  some  thin  veins  of  chalcedonic  silica,  ahoat 
15  feet  from  the  southern  entrance. 

1570.  From  the  dump,  Breitung  mine.  What  is  the  fine  red 
mineral  in  crystals? 

1571.  Siliceous  "green  schist"  i.iterbedded  in  jaspilyte  north  of 
the  Tower  mine. 

1572.  From  the  jasper  at  the  east  end  of  the  Stuntz  mine.  What 
is  the  white  cementing  vein-mineral?  It  appears  to  be  gracnlar 
silica,  but  also  shows  apparently  cleavage  surfaces. 

15T3.  Gray  gneiss,  the  rjck  at  North  Bay,  on  lake  Xipissiiig, 
Ontario,  in  general,  after  the  weathered  surface  is  removed. 

1574.  Eeddish-weathered  gneiss,  a  surface  condition  of  the 
rock  at  North  Bay,  Canada. 

1575.  Micaceo-hornblendic,  garnetiferous  rock  embraceil  in 
No.  1573,  as  foreign  masses,  some  of  them  fifteen  feet  across. 

1576.  Hydro-micaceous  schist,  silky-sericitic,  from  the  **Huro- 
nian*'  at  Wahnapitae,  Ontario. 

1577.  The  rock  that  contains  the  nickel  ore  at  the  Stobie  mices, 
near  Sudbury,  Ontario,  a  gray  quartzyte  resembling  the  Pewabic 
quartzyte  of  Minnesota.     Compare  1322  and  1340. 

157S.     The  ore  from  the  Stobie  mines,  Ontario. 
1579.     The  *'hornblendic  rock"  from  the  dump  of  the  deep  shaft 
which  was  abandoned  at  the  Stobie  mine,  Ontario. 
15vS0.     Ortlioclase  found  in  veins  in  1579. 

1581.  The  dioryte  dike  which  is  supposed  to  cut  the  couuiry 
rock  at  the  Copper  Clitt  mine,  Ontario.  With  this  the  ore  is  in 
some  way  associated. 

1582.  Ore  of  the  Copper  Cliff  mine. 

158*3.     lied  felsyte,  adjoining  1581  on  the  north. 
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1584.  The  conditions  of  the  mined  rock  and  the  sulphides  at 
Copper  Cliff  mine,  Ontario. 

1685.  Matrix  of  a  coarse  conglomerate  with  boulders  of  red- 
weathering  felsyte,  one-quarter  of  a  mile  east  of  the  Copper  Cliff 
mine,  north  of  the  railroad. 

1586.  Porphyritic  rock,  the  disseminated  crystals  being  of 
hornblende  and  coarse.  At  the  railroad  cut,  a  mile  and  a  half 
from  Sudbury,  toward  Ohnaping. 

1587.  Dike-rock,  cut  by  the  grade,  near  the  same  place. 

1588.  Somewhat  granitic  f elsyte,  enclosing  masses  of  dark  basic 
rock  in  a  manner  like  those  at  North  Bay;  reddish  weathering;  a 
quarter  of  a  mile  further  toward  Ohnaping. 

1589.  Ore  of  the  Murray  mine,  Ontario. 

1590.  Black  slate,  Vermilion  river,  at  the  railroad  crossing. 

1591.  Calcareous  '*  concretions  "  in  the  black  slate  at  Vermilion 
river.    Same  place. 

1592.  Slate  conglomerate,  N.W.  from  Vermilion  river;  from  a 
ridge  that  rises  perhaps  150  feet  above  the  railroad. 

1593.  A  mile  and  a  quarter  east  of  Algoma,  on  the  north  shore 
of  lake  Huron.    Green  slate,  dipping  S.  10\  W.  45''-65''. 

1594  A  mile  and  a  half  east  of  Algoma.  Hoofing  slate,  gray 
to  black. 

1595.  Slate  conglomerate,  3d  of  Logan's  map.     Underlying  1594. 

1596.  Soft  argillyte,  with  lenticular  spots  and  laminations  of 
chalcedonic  silica,  next  east  of  the  slate  conglomerate  of  1595. 

1597.  Supposed  chalcedonic  silica,  from  1596. 

1598.  Fine  grained  quartzyte,  about  4  miles  east  of  Algoma. 

1599.  From  the  great  "slate  conglomerate"  east  of  Algoma,  at  a 
point  east  of  the  last. 

1600.  Fine-grained,  nearly  black,  mica  schist;  at  a  mile  and  a 
half  east  of  the  last. 

1601.  Crumpled,  white,  apparently  chalcedonic  silica,  from  some 
argillitic  beds  east  of  1600. 

1602.  Coarser  quartzyte,  still  farther  east. 

1603.  Dike-rock,  cutting  conglomerate. 

1604.  Hornblendic  schist,  Cooks  Mill,  at  mouth  of  Serpent 
river. 

1605.  Diabasic  boulders,  with  coarse  feldspar  crystals.  Found 
at  Algoma  (compare  601). 

1606.  Quartz-pebble  conglomerate  boulders.     Algoma  Mills. 
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INTRODUCTION. 


Ab  preliminary  to  a  caref  al  inquiry  into  the  nature,  arrangement 
and  geological  history  of  the  older  rocks  of  North  America,  I  de- 
sire to  collate  the  views  which  have  been  recorded  by  competent 
geologists  during  the  last  half  century.  Such  a  synopsis  of  opin- 
ions which  have  marked  the  progress  of  our  science  and  have 
brought  it  through  many  labors,  conjectures,  errors  and  suocesses, 
to  the  very  creditable  position  which  American  geological  science 
holds  at  the  present  day,  will  greatly  facilitate  the  work  which  re- 
mains to  be  done,  by  placing  within  convenient  reach,  the  chief 
data  of  such  progress,  with  copious  references  to  the  docomenlB 
from  which  the  information  is  drawn.  Such  a  compendium  of  his- 
toric data  will  prove  especially  useful  to  geologists  who  have  not 
the  leisure  to  look  up  and  digest  the  original  documents.  Since 
however,  compilations  of  opinion,  though  offering  opportunities 
for  condensation,  and  even  improved  lucidity  of  statement,  must 
necessarily  lie  under  the  suspicion  that  the  author*s  view  has  been 
presented  with  incompleteness  or  with  unintended  coloring,  the 
writer  has  deemed  it  best  to  present  opinions  generally  in  the  ex- 
act language  of  their  authors. 

The  present  attempt  bears  some  resemblance  to  that  of  Messrs. 
Whitney  and  Wadsworth  in  "Azoic  system"*;  but  it  will  readily 
be  seen  to  have  a  different  aim,  and  to  produce  results  far  from 
identical.  Their  controlling  purpose  was,  to  prove,  from  citations, 
that  during  the  time  which  has  elapsed  since  the  "Azoic  System'* 
was  proposed  by  Foster  and  Whitney,  no  facts  have  been  reported 
rendering  it  necessary  to  conclude  that  the  ''Azoic  System'*  as  con- 
ceived by  them,  is  not  both  azoic  and  indivisible.  My  purpose 
involves  an  examination  of  such  a  position,  but  it  involves  much 
more.  I  propose  to  adduce  the  facts  without  the  influence  of  an 
unalterable  predetermination.  I  propose  to  select  them  impartial- 
ly— rather  in  the  interest  of  the  writers  than  in  the  interest  of  any 
theory.  I  propose  to  give  them  an  unbiased  interpretation  or  to  leave 
them  without  comment,  to  be  interpreted  by  the  reader.  Beyond 
all  this,  it  is  proposed  to  cite  many  opinions  not  bearing  on  ques- 
tions of  taxonomy  and  nomenclature — opinions  on  all  subjects 
whose  agitation  has  taken  part  in  the  progress  whose  fruits  we  en- 


*J.  D.  Whitney  and  M.  E.  Wadsworth,  ITie  Azoic  SyifUm  and  Us  propoml  aubdlvMoM. 
Bulletin  of  the  Museum  of  Comparative  Zoology.  Geological  Series,  Vol.  I,  p|K  xrl  aad 
»l-666. 
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joy — problems  of    straotore,   snperpositioD,  metamorphism  and 
geognostic  evolation  in  general. 

The  method  of  Whitney  and  Wadsworth  is  geographical;  mine 
may  be  denominated  personal;  neither  traces  consecutively  the 
evolation  of  an  idea  or  concept  Concrete  methods  have  peculiar 
uses;  and  it  is  hoped  the  method  here  pursued  may  be  useful  as 
complementary  to  theirs,  even  if  its  subject  matter  possesses  fewer 
advantages  than  I  anticipate. 

In  some  of  these  respects  the  method  of  the  following  sketch  re- 
sembles that  of  Dr.  Hunt  in  his  Historical  Introduction  to  the 
Azoic  Bocks*.  It  differs,  however,  in  the  important  feature  of 
giving  the  views  of  investigators  in  their  own  language.  One 
does  not  feel  certain,  in  reading  the  memoir  of  Dr.  Hunt,  that  he 
gets  exactly  the  meaning  of  the  original  statement.  In  some  cases, 
it  is  certain,  the  meaning  is  inadvertently  colored,  or  even  revers- 
ed. Dr.  Hunt's  treatment  also,  seems  to  the  writer,  deficient  in 
method.  It  lacks  consecutiveness;  it  abounds  in  repetitions;  the 
connection  of  parts  is  more  verbal  than  logical.  The  order  would 
seem  rather  to  be  that  of  association  of  ideas  in  the  author's  mind 
than  one  determined  by  the  logical  or  historical  relation  of  topics. 
For  such  reasons,  it  is  difficult  to  follow  and  comprehend.  How- 
ever this  may  appear  to  others,  it  seems  certain  that  comprehen- 
sion and  clearness  of  conception  must  be  facilitated  by  following 
the  growth  of  conviction  in  each  investigator's  mind  separately — 
introducing  the  biographical  element  into  the  history  of  geologiced 
ideas. 

In  the  history  of  this  advance,  it  has  been  the  fortune  of  some  to 
observe  nature  in  the  field,  of  others,  in  the  laboratory,  of  still 
others,  to  collate  records  in  the  library — and  1  need  hardly  remind 
the  reader  that  the  efforts  of  many  others  have  been  expended  in 
provinces  not  entered  in  the  present  discossion.  Those  who  have 
worked  in  the  field  have  supplied  the  greatest  volume  of  records 
suitable  for  use  in  the  compilation  which  follows. 

In  attaining  the  status  which  has  been  achieved,  there  must  have 
been  many  false  steps  taken — erroneous  observations,  false  inter- 
pretations, hasty  generalizations,  untenable  suggestions,  ill  ground- 
ed theories,  all  mingled  from  time  to  time,  with  the  influence  of 
the  "personal  equation."  Still,  it  is  safe  to  assume  that  every  in- 
vestigator has  been  actuated  by  a  controlling  love  of  truth,  and  has 
done  perhaps,  as  well  as  any  other  investigator  would  have  done  in 
precisely  the  same  circumstances.    If  any  have  lost  patience  with 

*ReportE,  Second  Geoloffloalof  :?uivey  Pennsylvania. 
-0 
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a  fellow- worker,  it  is  proficless  to  reproduce  the  sarcasm  in  which 
impatience  has  found  relief.  The  language  of  scorn  or  contempt 
has  contributed  nothing  to  the  noble  progress  which  we  con- 
template. 

As  intimated,  the  present  summary  of  opinion  sustains  a  special 
relation  to  the  contemplated  sequel  of  the  present  memoir.  What- 
ever its  separate  value  may  be,  its  use  to  the  writer  consists  in  the 
light  which  it  sheds  on  an  investigation  to  a  large  extent  original. 
Circumstances  have  turned  the  writer's  attention,  during  a  few  years 
past, toward  the  study  of  the  older  rocks.  Though  from  boyhood  fami- 
liar with  the  forms  and  aspects  of  the  cr}'stalline  and  sub-crystalline 
masses  of  Dutchess,  Litchfield  and  Berkshire  counties;  though  of- 
ficially connected  with  public  surveys  over  the  crystalline  expanses 
of  Michigan;  though  long  since  a  student  of  similar  rocks  in  Mis- 
souri, Massachusetts  and  Maryland,  it  is  true  that  the  present  re- 
search has  been  in  a  field  comparatively  new,  and  conducted  by 
methods  in  part  unknown  to  the  older  investigators,  and  but  im- 
perfectly mastered  by  most  of  us.  It  has  seemed  to  the  writer  that 
one  of  the  fields  in  which  he  has  studied  presents  the  problem  of 
the  older  rocks  under  simplifications  which  promise  advantages 
not  enjoyed  by  the  older  students  of  terranes  of  high  relative  an- 
tiquity. Perhaps  he  deceives  himself  in  thinking  these  advant- 
ages have  brought  him — a  comparative  novice — into  possession  of 
glimpses  of  truth  which  have  been  hidden  from  abler,  but  less 
fortunate  students.  He  hopes  however,  the  result  will  justify  his 
confidence. 

EBENEZEB  EMMONS. 

1824.  Ebenezer  Emmons,  in  1824  a  pupil  of  Dr.  C.  Dewey,  was 
associated  with  the  latter  in  the  preparation  of  a  geological  de- 
scription and  map  of  Berkshire  county,  Massachusetts,  and  of  a 
small  part  of  the  adjoining  states.*  In  this  description  the  rocks 
are  arranged  in  the  following  order  (the  whole  being  here  inverted): 

3.     Transition  limestone,  &c. 

2.     Quartz,  Primitive  limestone.  Primitive  argillite  (Upper  Pri- 
mary). 

1.     Granite,  Gneiss,  Talcose  slate,  Mica  slate  (Primary). 

The  second  division  indicates  the  elimination  of  the  "Taconic* 
idea"  eighteen  years  before  it  received  a  formal  designation.** 

*Atncrican  Juurnal  uf  SHnice  and  Aiii*,  Vtil.  t*,  IKM.  pp.  1,  *JIO,  x\ii  abrldi^oment  of  this 
was  inclucleil  in  "A  History  of  Borkshlre  County,"  in  1829. 

•♦IfilQ.  In  a  ••  Shrtch  [of  the  Mlnemhnni  and  aeoUtgy  of  the  vicinity  of  WiUianui  rnM^" 
iAmer.Jffur.  Sri.,  Vol.  I,  p.  :si7,  li.  24«,  1820.)  Dr.  Dewey  liud  already  publfohed  tbe  germ- 
inal ponoeptlon  of  t  he  a1>ovc  arrange  men  t,  and  of  the  Taeonic  aystem.  The  tocVh  and 
minerals  were  arrnnzcd  in  the  following  order:    1.    Granite.    3.    Gneiss  and  Mloa 
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1837,  At  the  end  of  the  first  season's  observations  within  the 
Second  Geological  District  of  New  York,  professor  Emmons  de- 
scribed the  rocks,  in  the  nomenclature  of  the  day,  as  Primitiye, 
Transition  and  Tertiary.*  Under  the  first,  he  describes  first, 
Oranite,  which  is  "not  strictly  speaking,  granite;  that  is,  it  is  not 
<x>mposed  of  quartz,  feldspar  and  mica;  neither  is  it  a  true  sienite, 
for  even  the  hornblende  disappears  almost  entirely  for  miles.  It 
is  mostly  feldspar.  ...  It  contains  the  beautiful  Labrador 
feldspar  .  .  .  often  in  large  masses.  .  .  .  The  color  of 
the  rock  is  usually  grey,  greenish  or  bluish.  ...  It  rarely 
contains  quartz.  ...  In  Essex  county  it  forms  mountain 
masses.  .  .  .  The  other  primitive  rocks  of  the  northern  coun- 
ties are  gneiss,  hornblende  and  granular  limestone.  The  talcose 
and  mica  slates  rarely  occur."  The  following  is  the  succession 
reported,  arranged  here  in  descending  order: 

Tertiary,  consisting  of  grey  sand  and  marly  clay,  with  shells 
of  recent  aspect 

Transition  rocks.  1.  Calciferous  sandrock,  including  Pots- 
dam sandstone.    2.    Transition  or  blue  limestone. 

Primitive.    Granite,  Gneiss,  &c. 

1838.  Professor  Emmons  again  ranges  the  rocks  of  St.  Law- 
rence county  as  Primitive,  Transition  and  Tertiary f.  The  Primi- 
tive region  he  also  designates  "the  gneiss  district,"  but  he  states 
that  "the  rock  is  not  purely  gneiss,"  but  only  "the  predominant 
rock,"  the  region  embracing  also  "granite,  limestone,  sienite,  horn- 
blende, steatite,  serpentine,  &c."  The  granite,  he  says,  "occurs  in 
beds  and  veins  subordinate  to  the  gneiss;  ...  in  huge  angu- 
lar beds  or  protruded  masses;  in  the  form  of  veins  branching 
irregularly  into  the  adjacent  rock,  and  in  overlying  masses  analo- 
gous to  overflowing  lava  currents  or  greenstone."  He  speaks  of 
it  as  sometimes  "interlaminatedj^rith  gneiss  or  other  rock,"  but 
considers  ouch  position  "accidental"  (p.  196).  The  granite  and 
^eiss  contain  in  places,  more  or  less  carbonate  of  lime,  or  of  lime 
and  magnesia.  The  "primitive  limestones"  he  speaks  of  as  inter- 
stratified,  but  is  particular  to  discriminate  them  from  the  marbles 
of  Vermont  and  Massachusetts,  "especially  those  of  Berkshire 
county."^    He  gives  eleven  diagrams  to  illustrate  the  position  that 


slate.  3.  Quartz.  4.  Graiuilur  liniestone.  Ti.  A^KiIlac(^ouss1at«.  It  will  be  noted 
that  there  Is  one  limestone  formation.  Those  views  wore  adopted  by  Prof.  Amos 
Eaton  In  his  "Index  to  the  Oeolopy  of  the  United  Stat^fs."  1820.thou{;h  later,  ho  l>ec*ame 
^n  Indefatigable  original  obs(>rv(;r.    (Amcr.  Jour.  Set.,  xlv,  147, 1838.) 

•First  Annual  Report,  New  York.  18.17,  Assembly,  No.  1(5.  pp.  100-117. 

f  Second  Annual  liepfni.  New  York,  18:w,  Assembly  No.  200.  pp.  lW-217. 

tThls  is  further  insisted  on,  p.  232, 
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we  have  the  same  evidence  of  the  igneooB  origin  of  the  primitive 
limestone  as  of  the  igneous  origin  of  granite — that  is,  it  occurs  in- 
terbedded,  penetrating  and  ramifying  in  relation  to  the  granite.* 

The  sandstone  at  Potsdam  is  said  to  rest  directly  on  the  primi- 
tive rock,  but  it  is  no  longer  identified  with  the  "Calciferous  sand 
rock"  of  Eaton,  (p.  214).  On  page  217,  it  is  called  for  the  first 
time,  "the  Potsdam*  sandstone**  (pp.  217,  230.) 

Treating  of  Essex  county  he  speaks  of  the  granite  as  "composed 
essentially  of  Labrador  feldspar  and  hypersthene,*'  and  decides 
to  style  it  "Hypersthene  rock*'  (p.  220).  It  contains  extensive 
beds  of  iron  ore,  sometimes  branching  and  vein-like.  The  pri- 
mary limestone  "uniformly  occurs  in  veins*'  in  the  hypersthene 
rock.  The  gneiss  of  the  country  is  limited  in  extent,  is  interlami- 
nated  with  saccharoidal  limestone,  and  contains  beds  of  magnetite 
and  hsematite  ( p.  221  ).t 

We  have  no  documentary  evidence  of  the  progress  of  the  evolu- 
tion in  Dr.  Emmons*  mind  previously  to  the  publication  of  the 
Gazetteer  next  to  be  mentioned.  But  professor  Dana  has  recorded 
the  fact  X  that,  according  to  information  from  professor  James 
Hall,  a  discussion  of  "  Taconic  ideas  **  took  place  at  the  meeting  of 
the  "Association  of  American  Geologists  and  Naturalists"  at 
Philadelphia,  in  April,  1841.  lu  this.  Dr.  Emmons  was  opposed 
by  H.  D.  Rogers,  E.  Hitchcock,  W.  W.  Mather  and  James  Hall, 
while  Lardner  Yanuxem  favored  his  views. 

*NuiiifnMiR  other  n'i)utabU*  ^reolo^isf^  hitvc  ontertalned  the  same  rather  rt'Tuarkahlc 
opinion— vnn  Li-onhuril.  Gludinl  and  Uozet. 

♦Tli«  Tertiary  lM*ds  an»  of  Minn*  consider:! I>U'  extent,  (MHrupying  *'  not  only  the  Cham* 
plain  valley  but  tliat  of  tiie  St.  Lawrence  and  Hudson  also."  He  notes  It  as  a  "ma- 
rine fonnation,"  and  slates  that  **al)ove  theM;  clays.  &(%  we  have  the  modem  fn^up 
coiuposed  of  l)ouIder.s  pebbles  and  sands  **  (238).  Ennnons  here  l)estows  the  names  "Mt. 
Marcy  "  «ind  "Adirondack  jcn>up"  or  "  Adimndacrks"— the  latter  to  embrace  the  hi^b 
KummltH  of  northern  New  York.    (pp.  242,  24:i). 

tAincr.  Jour.  Sci.  III.,  xxxvl,  412. 

H  The  Pruceedinffs  of  tliis  Meeting  are  found  in  the  ''  Traiut.  At»itc.  Amtr.QtAAooM*  aitd 
yaturcUMit,  1840-42.  but  this  discussion  not  liavlns?  been  reported,  no  mention  of  it  ap- 
pears, under  a  rule  of  tlie  Association.  The  piYxreedioKs  are  reported  also.  In  Amer. 
Jtmr.  Sci.,  xli.  l.v*,  1S41.  Tlie  )!n)undsof  Vanuxem's  defence  arestattnl  in  Reptwi  onthe 
TJiirtI  DMHrt,  1842.  pp.  22-2:j.  lie  styles  It  '•  The  Taconic  or  Intermediate  System,"  and 
says,  ■*  the  Cumbrian  System  holds  the  same  position."  Mather's  reasons  for  recrardinc 
tlic  Taconic  nx'ks  as  a  metamorpliic condition  of  tlie  Champlaln  rocks  are  jrlven  (p. 43^) 
at  the  close  of  a  cluijiter  on  the  Tu^*(mir  system:  also  p.  4«U  (Rcitfni  Tltini  DiMrift  *^ 
yr.iv  Vnrk.  iHili.  pp.  422-4:tH).  l'if»fesM>r  Hall  in  his  report  on  the  Fourth  District,  em- 
braces the  Taconic  system  in  his  (Miiimerution.  and  nowhere  expresses  any  dissent. 

"Tlie  compjiri-oii  of  views  ut  till'  mei-tlnj:".  says  professor  .I.D.Dana,  (Atnrr.Jour^ 
Srf.,  111.,  XXXV1.4i:{.  I»ef..  Isss)  -resnlted  in  inducing  l»i-of.  Ropers  and  Prof.  Hall  to 
take  the  fi<'Id  for  tin*  study  »>f  stM.Mloii**  over  thi-  Taconic  repion.  The  season  had  just 
passi'd  when  Pnif.  Kojrer**  made  a  re|M>rr  on  hi-n-sult**  to  tlie  American  Plilloi<H*phtcal 
Society  at  Philadelphia  I  P^w. -4 wifr.  P/irt.  .S»h-.,  Jan..  1M2)  sustaining  the  view^  which 
HitchC(H>k.  Kali.  Mather  iind  liimself  had  before  favort^d". 
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1841.  A  communication  appeared  from  Dr.  Emmons  on  "The 
Gteology  of  Montmorenci/'*  which,  according  to  Dr.  Selwyn, 
''seems  to  be  of  considerable  interest  and  importance,  in  view  of 
recent  discussions."  It  supplies  some  of  the  eyidence  on  which 
Dr.  Emmons  determined  the  existence  of  a  great  fault,  reaching 
from  the  St.  Lawrence  into  Vermont  and  New  York.  On  the 
highway  from  Quebec  to  the  falls,  at  the  Beauport  river,  a  regu- 
larly bedded,  horizontal,  nearly  black  limestone  outcrops,  ''present- 
ing a  remarkable  contrast  with  the  highly  inclined  rocks  of  Que- 
bec." A  "black  slate,"  also,  "apparently  rests  against"  the  lime- 
stone. A  fault  or  uplift  is  thought  indicated  by  the  facts  here 
observed,"  along  the  line  which  the  road  passes."  The  first  out- 
crop is"  very  clearly  Trenton  limestone,"  and  "the  slate  is  the 
Hudson  Biver  slate." 

At  the  fall,  the  bed  of  the  river  above,  is  gneiss.  Beposing 
horizontally  on  its  edges,  is,  first,  the  Potsdam  sandstone,  stained 
with  copper,  and  not  over  ten  feet  thick;  second,  coarse  bowlders, 
as  at  Chazy,  N.  Y.,  considered  the  upper  portion  of  the  Potsdam; 
third,  "a  compact  limestone"  conformably  overlying,  containing 
encrinites.  This  "graduates  into  a  gray,  crystalline  limestone," 
with  broken  encrinites.  Succeeding  this  is  the  Trenton,  60  or  70 
feet  thick  The  absence  of  the  Calciferous  and  Chazy  is  noted; 
though  this  is  not  considered  remarkable. 

Below  the  fall,  the  rock  forming  the  fall  is  seen  to  be  fine- 
grained gneiss.  Against  this,  the  Black  slate  of  the  Hudson  river 
reposes,  but  with  an  unconformable  inclination.  Dr.  Emmons  re- 
cognizes here  a  fault,  with  an  uplift  on  one  side  "and  a  down  heave 
on  the  other,  by  which  the  slate  has  been  thrown  into  an  inclined 
position." 

This  fault  is  regarded  as  extending  south  along  the  Beauport 
road,  and  even  into  the  state  of  Vermont;  and  "may  be  particularly 
traced  on  a  line  connecting  Johnson's  mountain  in  Lower  Canada, 
several  points  on  the  Missisque  bay  adjacent  to  the  Provincial 
line,  and  also,  at  the  remarkable  uplift  at  Snake  mountain,  in 
Addison,  Vt.  A  line  uniting  those  points  and  several  others  in  the 
same  direction,  marks  the  line  of  a  great  disturbance  which  has 
deranged  the  lower  Transition  rocks  for  at  least  four  hundred 
miles." 

In  view  of  these  facts.  Dr.  Emmons  asks;  "May  not  the  great 
fault  have  caused  the  confusion  in  the  writers  on  geology,  in  re- 

•The  American  Maaazliie,  November.  l^Ul.  Seo  tlils  reproduced  hi  American  GfolugM, 
il,  pp.  04-100,  August.  ItsSH.  The  date  of  this  pai)cr  was  wron^^ly  priuted  in  the  American 
CkiAogM  at  first,  but  was  eorre<;ted  afterward  (vol.  iv,  p.  387). 
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gard  to  the  lower  Transition  rock,  particalarlv  the  Hucuor.  EiTer 

slates  an  1  shales  r  May  no:  the  same  derangement  exist  in  Eng- 
land and  Wales,  and  have  been  the  caase.  at  least  in  part,  or  their 
separation  from  the  Silurian  system,  and  of  their  being  consii- 
ere«i  as  one  disdnct  therefrom,  and  which  has  been  called  the 
Cambrian  Svetemr" 

m 

He  speaks  of  the  horizontal  position  of  the  Hadson  River  rocks 
at  Pulaski,  Lorraine,  Rodman  and  Pinckney.  in  New  York,  con- 
formable with  the  Silurian  system:  and  of  their  inclined  poeitioD 
in  RenseeL^r  and  Washington  o^unties,  in  Vermont,  and  the  en- 
tire length  of  Lower  Canada.  In  the  latter  region,  they  agree 
with  the  Cambrian  i  omitting  the  I^wer  portion,  i  He  speaka  of 
this  as  a  conviction  of  long  standing. 

He  continues:  "It  is  proper  to  notice  here  one  source  of  diffi- 
culty in  regard  to  the  rocks  of  the  Hudson  river,  especially  on 
their  eastern  border.  It  is  the  fact  of  their  overlapping  in  this 
direction,  the  Trenton  limestone  and  the  other  Transition  rocks 
beneath.  The  cijnse<|uence  has  been  that,  in  traveling  from  east 
to  west,  or  from  Masitachusetts  and  Vermont  to  New  York,  we 
pass  directly  from  the  Primary  mass  to  the  higher  members  of  the 
Transition  system:  consequently  they  [geologists]  have  placed 
them  upon  the  Primary,  and  considered  them  as  the  lowest  of  the 
Transition:  whereas  there  intervenes  between  the  Hudson  river 
slates  and  the  Primary,  the  Trenton  limestone,  the  Birdseye. 
Calciferous.  and  Potsdam  sandstone,  the  aggregate  thickness  of 
which  exceeds  a  thousand  feet.  Not  one  of  the  lowest  members  of 
the  Transition  system  appears  in  the  eastern  prolongation,  between 
the  Highlands  of  the  Hudson  and  the  Highlands  north  of  Quebec 
adjacent  to  the  Primary,  in  consequence,  as  has  already  been  said, 
of  the  overlapping  of  those  r«Dcks  formerly  termed  Greywacke. 
or  now  known  as  the  Hu:lson  river  series,  to  the  taloose  slates  of 
the  Primary,  and  also,  the  great  correspondence  in  kind  and 
amount  of  their  dip." 

Speaking  of  the  tenuity  of  the  Hudson  River  rocks  where  found 
horizontal,  and  their  great  thickness  where  inclined — amounting  to 
20  or  25  miles— he  says:— 'There  can  be  no  doubt  that  east  of  the 
Hudson,  there  are  numerous  repetitions  of  the  same  layers:  for  it 
cannot  be  supposed  for  one  moment,  that  any  of  the  formations 
above  the  Primary,  can  be  of  this  enormous  thickness  which  ob- 
servation seems  to  indicate." 

1S4'J.  While  occupied  in  the  preparation  of  his  final  report  on 
the  Second  District  of  New  York,  Dr.  Emmons  drew  up  an  article 
on  the  'Topography,  Geology  and  Mineral  Resources  of  the  State 
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of  New  York",*  which  was  published  in  March,  1842.*  In  this  arti- 
cle he  says:  'The  rocks  (aponthe  eastern  border  of  New  York, 
adjacent  loYermont.Massachasetts  and  (Tonnecticnt  )are  situated  be- 
tween the  gneiss  of  Hoosick  mountain  on  the  east  and  the  slates  of  the 
Transition  on  the  west  They  occupy,  therefore,  geographically, 
as  well  as  geologically,  an  intermediate  position-the  rocks  on  the  one 
band  bearing  a  very  close  resemblance  to  the  Primary  on  the  east,  and 
on  the  other,  a  great  similarity  to  the  Transition  slates  on  the  west. 
Still,  as  a  whole,  the  rocks  of  the  Taghkanic  range  may  generally  be 
distiDguished  from  those  on  either  side,  their  general  character  be- 
ing deriyed  from  the  presence  of  a  large  proportion  of  magnesia, 
which  imparts  to  the  rocks  a  softer  feel  and  a  peculiar  greenish 
color.  It  is  not  proposed  in  this  plan,  to  separate  these  rocks  from 
the  Primary,  but  to  consider  them  as  belonging  to  the  upper  por- 
tion, and  to  speak  of  them  as  the  Taghkanic  rocks,  or  perhaps  as 
the  Taghkanic  System,  .  .  Considering  them  for  the  present,  as 
belonging  to  the  upper  portion  of  the  Primary,  the  Taghkanic 
rocks  will  be  composed  first  of  a  peculiar  talc.ise  slate,  or  a  mag- 
nesian  slate  in  part;  in  other  parts,  it  is  plumbaginous,  which 
strongly  soils  the  fingers.  .  .  Second,  of  white,  gray  and  cloud- 
ed limestone,  varying  in  texture  from  fine  to  coarse-granular,  often 
interlaminated  with  slate,  the  latter  often  merely  coloring  the  lime- 
stone, so  as  to  impart  that  clouded  appearance  .  .  .  Third,  of 
granular  quartz,  or  a  sandstone  generally  silicious  and  of  a  brown 
color  .  .  .  The  whole  Taghkanic  System  is  clearly  stratified, 
and  is  wholly  unconnected  with  gneiss,  serpentine,  granite,  sienite, 
steatite  or  hornblende    ..." 

This  distinct  announcement  of  the  Taconic  System,  it  will  be 
observed,  appears  in  a  volume  printed  in  March,  1842.  It  must 
have  been  drawn  up,  probably,  some  months  previously.  Professor 
J.  D.  Dana,  by  a  slip  extraordinary  for  him,  has  quoted  a  passage 
from  Mather's  Fifth  Annual  Beportf,  the  meaning  of  which  is  that 
the  writer,  on  January  20,  1841,  (Dana  says  Febuary  1,  1841),  re- 
garded the  "granular  quartz"  (embraced  in  the  Taconic)  as  simply 
"the  Potsdam  sandstone  in  a  metamorphic  state",  and  the  associ- 
ated "granular  limestones"  as  belonging  to  the  same  geological 
epoch",  and  that  '*the  rocks  generally  along  the  eastern  border  of 
New  York,  and  probably  all  the  rocks  from  the  New  York  State 
line  east  to  the  Connecticut  valley  are  similar".  But  these,  it  ap- 
pears, were  not  Emmons'  views  on  the  first  of  February,  1841.     The 

*A  Qcuetteer  of  the  State  of  yrw  York,  etc.,  xVlbany,  l!J42.    J.  Dlsturncll.  March,  1842,  p. 
Attention  has  been  oullod  to  this  utid  otlior  oarly  lltoratim?  hearing]:  on  the  Tacon- 
.c  sysUMii,  by  Lluut.  A.  W.  Vojrdt's,  In  th«  American  Ueithtijhi,  vol.  TT,  1B88,  pp.  aiTS-Su. 
turner.  Jour.  .Sci.,  III.XXXVr.411,heginning."ThL'  granular  quartz  of  Bennlngtoii*',&o. 
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conception  of  the  Taconic  system  was  not  originated  in  the  brief 
perioil  between  this  date  and  January  1, 1842 — the  date  of  Emmons' 
final  report.  The  citations  already  made  from  the  geology  and 
map  of  Berkshire  county  show  that  the  body  of  rocks  between  the 
Primary  granites,  gneisses  and  schists,  and  the  Transition  rocks 
above,  had  been  isolated  eighteen  years  before,  though  at  that  time 
designated  *'Upper  Primary".  If  Emmons  made  no  mention  of 
them  in  his  annual  reporte,  it  was  because  they  were  not  embraced 
in  his  district  In  a  final  re[.ort,  however,  he  tells  us  he  felt 
constrained  to  carry  into  effect  a  plan  formed  in  the  beginning  of 
the  survey,  "to  furnish  the  materials  necessary  for  a  complete 
work  on  the  New  York  rocks*'  and  to  make  "this  volume  distinct 
from,  and  independent  of,  the  reports  of  the  other  districts"*  In 
another  connection  he  informs  us  that  the  conception  of  the  Tacon- 
ic dates  from  1838.*  * 

In  his  Final  Beport  on  the  geology  of  the  Second  District,!  Dr. 
Emmons  gave  the  following  classification  of  the  Primary  rocks: 

I.    Unstratifieo.      II.  Stratified.    III.  Subordinate. 

1.  Granit«»  1.    Gneiss.  ].    Porphyry. 

2.  HyporstJieiK'  rook.         2.    Jlornbloiulr.         2.    Trap. 

.*{.    Primitive  linirsionc.     :J.    Sienile.  3.     Magnetic,  and 

4.    SorixMitiiu'.  4.    Talc  or  Steatite.  4.    Specular  oxide  of  iron. 

i").     UensseluTite. 

The  granites  are  recognized  as  erupted  at  different  epochs.  The 
hypersthene  rock  contains  disseminated  grains  and  extensive  beds 
of  magnetite  (p.  222).  The  primitive  limestone  is  still  regarded 
as  nnstratified  and  igneous  in  origin  (pp.  38,  225).  Adverse  opin- 
ions are  examined,  and  new  evidences  adduced.  Serpentine  is  also 
alleged  to  be  never  stratified,  and  to  have  been  erupted,  probably, 
at  different  epochs  (pp.  69,  70).  Yet  it  never  occurs  in  dikes  or 
veins,  and  causes  no  alteration  in  contiguous  rocks.  The  same 
opinions  are  entertained  of  Bensselnsrite  (p.  74).  ''The  term  sienite 
is  applied  to  a  stratifieil  rock  composed  of  feldspar  and  hornblende" 
(p.  80).  The  magnetic  and  specular  oxides  of  iron  are  regarded  as 
of  igneous  orifi^in  (p.  97).  Of  the  origin  of  the  stratified  primary 
rocks  nothing  is  here  recorded. 

Tlie  seventh  chapter  of  this  volume  (pp.  135-164),  is  devoted  to 
the  *'Tacouic  System,"  though  none  of  the  rocks  have  been  ob- 
served to  occur  in  the  Second  District  of  New  York.  "A  large  por- 
tion of  its  rocks  or  masses  are  interlocked  between  the  New  Eng- 
land or  primary  ranges  upon  the  east,  the  most  important  of  which 

•lieptnt.  Scvniul  DM..  is4*.\  p.  IX). 

**AmrrU'an(»colinJif.Vl.  11.  pp.  5  mid  <>. 

*tn»,h^i\l  of  ytw  YorU,  Part  II,  184L\  p.  Si.    This  whs  publl«*ht*<J  May  30, 1*43. 
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is  the  HooBick  monntaiD,  and  the  Taconic  (range),  with  the  more 

westerly  abrupt  hills,  npon  the  west — or  the  eastern  border  of  the 

New  York  Transition  system."    On  each  side,  the  rocks  partially 

blend  with  the  contiguous  systems.  The  lower  limit  of  the  Taconic 
system  is  the  upper  limit  of  the  Primary.    The  statement  that 

"these  rocks  belong  to  the  earliest  deposits"  (p.  141:*  would  imply 
that  gneiss  (of  the  Primary)  is  not  regarded  as  sedimentary  in 
origin*.  The  upper  limit  of  the  Taconic  system  is  the  Potsdam 
sandstone — which  at  this  epoch  was  regarded  as  the  base  of  the 
foBsiliferous  series,  or  at  least  of  the  Silurian  series. 

The  formations  here  embraced  in  the  Taconic  system  are  the 
following,  in  descending  order: 
5.    Stockbridge    limestone,    coarse    granular  and   of   various 

colors. 
4.     Granular  Quartz  rock,  generally  fine  grained  and  brown,  but 

sometimes  white,  granular  and  friable. 
3.    Magnesian    slate    having  a  soft    feel.    Principal    mass  of 
Taconic  mountains  (p.  153).    Perhaps  repeated  in  Grey  lock 
mountain,  on  the  east  of  the  Sparry  limestone. 
2.    Sparry  limestone. 

1.    Taconic  slate,  at  the  western  base  of  the  Taconic  range,  ad- 
jacent to  the  Hudson  Biver  shales. 
The  order  of  superposition,  however,  is  not  regarded  as  settled 

(p.  150).t 

This  is  what  Dana  calls  Phase  I. 

It  is  difficult  to  appreciate  the  reasons  given  by  Dr.  Emmons 
for  placing  his  Taconic  slate  at  the  bottom  (supposing  this  is  what 
he  means) — even  in  the  light  of  his  own  section  from  Adams, 
Massachusetts,  westward  to  the  Ghamplain  rocks  of  New  York 
(given  on  p.  145).  It  is  true  the  beds  have  a  general  dip  east- 
ward, giving  the  ''Taconic  slate"  the  appearance  of  dipping  under 
all  the  other  members;  but  the'*  Taconic  slate"  lies  contiguous  to  the 
Ghamplain  rocks,  and  even  extends  under  them,  though  apparent- 
ly by  an  overslip  of  the  latter. 

It  is  a  singular  inconsistency  of  Dr.  Emmons,  that  in  explaining 
the  distinctions  of  the  four  limestones  from  the  Primary  to  the 
Ghamplain,  he  expressly  ranges  the  ''Sparry  limestone"  above  the 
"Stockbridge  limestone"  (p.  142) — an  order  which  he  was  des- 
tined later  to  accept  for  the  whole  Taconic  series.     Similarly,  (p. 

••'Dividing  the  rocks  into  two  olusses.  tlu*  primary  and  sedimentary"  (p.  290)  he  says, 
elsewhert*.    St>e  also  p.  41C. 

+Thore  are  some  indioatlons  tliat  the  order  intended  by  Emmons  Is  the  reverse  of 
this.  So  Mr.  Marcouhas  understood  him.  In  "The  Taconic  system  and  its  position  In 
stratiKraphic  jreolojry"  (Pri)€..  Amer,  Acad.,  xii.  lT4-2.*iC,  18»5.) 
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142)  he  places  the  "magnesian  slates"  below  the  "fine  alaminoiiB 
slate  ("Taconic  slate,")  an  order  which  he  immediately,  bnt  with 
apparent  unconsciousness,  reverses  (p.  144)  and,  though  somewhat 
hesitatingly,  defends  (p.  147). 

The  Stockbridge  limestone  must  be  distinguished  from  the  Pri- 
mary limenfcae  below,  and  the  Sparry  limestone  must  not  be  con- 
founded with  a  silicious  limestone  occurring  in  the  '*  Champlain 
group  "  above.  Similarly,  "  the  "  Magnesian  slate  "  must  be  dis- 
tinguished from  the  lower  Talcose  slate  of  the  Primary*  and  the 
Taconic  slate  must  not  be  confounded  with  the  shales  and  slates  of 
the  Hudson  river.  The  Taconic  rocks  are  entirely  destitute  of 
fossils  ;  but  *'  they  furnish  us  with  a  knowledge  of  that  state  which 
immediately  preceded  the  existence  of  organic  beings"  (p.  164). 
They  are  regarded  as  "  equivalent  to  the  Lower  Cambrian  of  Pro- 
fessor Sedgwick,"  "  the  upper  portion  being  the  lower  part  of  the 
Silurian  system." 

In  the  ••  Tabular  Views  "  of  the  sedimentary  rocks  of  New  York 
( p.  429),  the  members  of  the  Taconic  system  are  given  as  follows  • 
4.    Grannlar  Quartz    [=Pot8dam  sandBtona] 
3.    Stockbridge  Limestone    [«^Blue  limestone  of  Hudson  Valley.J 
2.    Magnesian  Slate     [=Slate8  of  the  lowest  formation  of  the  Appa- 
lachian System.] 

1.    Taconic  Slate. 

I  have  placed  at  the  right  in  brackets  the  equivalences  of  the 
Taconic  members  as  maintained  by  professor  H.  D.  Rogers,  in 
1844.* 

It  will  be  noticed  that  the  relative  positions  of  the  Granular 
Quartz  and  Stockbridge  limestone  here  are  the  reverse  of  those 
given  near  the  commencement  of  this  report.  Also,  the  Sparry 
limestone  is  omitted. 

1844.  Dr.  Emmons  issued  a  thin  quarto  volume  entitled  ^^Ta- 
conic  System,"  and  dated  December  %  1844,  containing  the  results 
of  the  previous  two  years  of  study.  The  Taconic  system  appears 
with  important  changes  and  an  extension  of  area.  The  contents 
of  the  memoir  were  exactly  reproduced  (except  the  Preface)  in  his 
Beport  on  the  Agriculture  of  New  York.f 

1840,  In  the  first  volume  of  his  Beport  on  the  Agriculture  of 
New  York,^  he  devotes  the  fifth  chapter  (68  pages)  to  a  fresh  dis* 

*  In  May.  1^44.  Pnjf.  II.  1).  K«ijrt*i's  ivtiirnod  to  a  discussion  of  the  Taoonlc  system.  In 
his  prcsUlfiiliiil  addn'ss  Jn-foii*  iht?  AssiM-lsitlon  of  AmorlcHn  Geolnj;lsts  and  Natural- 
ists at  Waslilnfrt«)M  iAmn-.  Jour.  Sci.,  xIvH.  i:JT,  1M7.  4*4).  IK*  sounih  t4t  have  lK»on  the  fir«t 
t-()  su^Xfst  tliat  till'  I'otsdain  sandstimt'  might  imt  bo  the  ahs4)lute  biist*  of  fos-siliuition 
amonv!  AnuT  can  nx'lxs. 

+r/ic  T'lronfr  .S//W»'m. /wwi'f/ o«  olMrriHUUnut  (n  Nkw  Vorh,  Miu*ifiirhU'ifUs^  M.ihiK,   Wnnnil 
and  WuhU  JulawL 

ricuUure  of  AVw  York.  vol.  1. 1740.  p.  53. 
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oosBion  of  the  Tsoonic  B^Btem.  Stimalated  by  the  opinioii  of  the 
brothere  Bogers,  accepted  by  Mather,  E.  Hitchcock  and  Dr.  Sam- 
uel L.  Dana,  that  the  Taconic  rocks  were  merely  metamorphic  condi- 
tiOBHof  the  lower  members  of  the  New  York  or  Appalachiao  system, 
he  TesnmeB,  with  new  facte,  a  preseDtation  of  eTidences  suBtaiDing 
his  former  poeitiouB,  let,  that  the  Taconic  rocks  are  "inferior  to 
the  Cbamplain  diviBioit  of  the  New  York  system,  or  the  lower  di- 
Tision  of  the  Silorian  system  of  Murohison  (p.  55);  2d,  That  they 
are  a  series  of  sediments  reposing  directly  on  the  Primary  system; 
3d,  That  they  contain  prerioDBly  anknown  organic  remains;  4th, 
That  the  lithologic  members  of  the  Taconic  system  have  a  diifereut 
order  of  arrangement  from  that  foand  within  the  New  York  sys- 
tem, and  are  maoh  thicker  than  those  to  which  they  have  been 
sappoeed  equivalent  in  that  system.  The  members  of  the  system, 
M  now  recognized,  are  as  follows: 

6.  Black  elate  (hitherto  incladed  in  Taconic  slate),  with  Aiopa 
irilineatus  and  Ellipiocephalus  asaphoides.  I. 

6,  Taoonic  slate  (with  seven  snbdiTisions),  including  Hoosick 
loo&ng  slates  with  Bucoides  and  S^ereites.  III. 

4.    Sparry  limestone  (of  Eaton).  IL 

3.    MagneBian  slate  of  Taconic  and  Saddle  mountains. 

2.  Stockbridge  limestone,  in  the  Hoosick  and  Hoosatonio  yal- 
leyB,  and  extending  to  Sing  Sing. 

L  Brown  sandBtone  or  Grantilar.Qusrtz,  with  fonr  subdivis- 
ions. 

This  is  what  Dans  calls  Phase  II. 

The  Sparry  limestone  is  here  replaced,  the  Black  slate  is  sepa- 
rated from  the  Taconic  slate,  and  the  whole  series  is  turned  upside 
dbwn.  This  order  is  now  in  accordance  with  the  indications  of  the 
seotion  given  on  page  145  of  his  Report  on  the  Second  District,  and 
ocmforms  with  the  theory  of  an  overturn,  es  maintained  by  H.  D. 
Bogers. 

In  this  volume,  the  Taconic  is  recc^nized  in  Bhode  Island,  in 
Maine  and  in  Michigan. 

In  another  pablication  of  about  the  same  date*  he  makes  a  his- 
t(»ical  remark  on  the  origin  of  the  Taconic  system,  referring  to 
the  article  iu  Disturrell's  State  Begister.  "In  making  up  our 
notee  for  this  object."  he  says,  "we  found  it  necessary  to  fix  upon 
some  general  subdivisioDe  of  the  rocks  belonging  to  the  State. 
We  drew  up  an  abstract  of  the  plan,  and  submitted  it  to  the  criti- 
dam  of  the  Bev.  Prof.  Dewey,  of  Bochester.    .    .    .    ProfeBSor 

QuarttHy  Journal  •>!  .tyrieuKurc  and  SviaKt,  vol.  Iv,  IH8.  |i.  3K. 
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Dewey  approved  of  the  diviBion  proposed,  in  the  main.  It  re- 
sulteil  in  separating  the  rooks  in  the  vicinity  of  the  Taconic  range, 
both  from  the  Primary  and  the  New  York  Transition,  as  we  then 
called  them. 

JS48.  Professor  James  Hall  having  described*  Aiops  fnlin- 
eatns  of  Emmons  under  the  name  of  Calymcne  heckii^  aod  re- 
ferred it  to  the  Hudson  Biver  group,  and  having  also  described  in 
the  same  work  (p.  256)  Elliptocephalus  asaphoides  under  the 
name  of  Olenns  asaphoides,  and  referred  it  likewise  to  the  Hod- 
son  Biver  group  (see  especially  Hall's  foot-note,  p.  257)  professor 
Emmons,  "with  other  specimens  more  perfect"  presented  to  the 
American  Association,  a  new  and  detailed  description  of  Aiops 
irilineaiusy  and  a  parallel  description  of  Triarihrus  (Calymene) 
bcckiif  pointing  out  what  appeared  to  be  important  differences^. 
He  also  discussed  Elliptocephalus,  and  indicated  technical  dis- 
tinctions between  that  genus  and  Olenus  and  Paradoxides  (p^  18). 
In  the  same  connection  he  repeated  that  the  tenability  of  the 
Taconic  system  rested  on  structural  and  mineralogical  evidence 
''far  more  important  than  the  presence  or  absence  of  certain 
fossils" — meaning  evidently,  these  fossils. 

1855,  In  his  "  American  Geology,"  the  second  part  of  which 
appeared  this  year,||  the  Taconic  system  receives  a  new  presentft- 
tion.  The  following  is  a  sjnopsis  of  the  System  as  then  under- 
stood : 

Upper  (  Black  slate  of  Bald  mouniain,  I.  Cambrian. 

Taconic.  \  TacoDic  slate,  III.  I.  Hadson  slates  and  Gtm. 

Lower  (  Ma^^neBian  slate,  III.  Hndsoo  slates. 

m„_^„- .  \  Stockbridffe  L.  includ^g  Sparry  L.    II.  Lower  Silurian, 

laconic.  I  Qranular  Quartz.  I.  Cambrian. 

(I  have  added  on  the  right,  the  equivalences  as  laid  down  in 
1888,  by  professor  J.  D.  Dana). 

This  is  styled  by  professor  Dana,  Phase  III ;  but  the  only  change 
made  since  Dr.  Emmons'  last  publication  is  the  omission  of  tbe 
** Sparry  Limestone,"  as  in  the  **  Tabular  View,"  at  the  end  of  hia 
Beport  on  the  Second  District — this  being  merged  in  the  "Stock- 
bridge  Limestone," — and  the  recognition  of  a  division  of  the  flys- 
tern  between  the  fossiliferons  and  the  unfossiliferous  portions— 
giving  us  "  Upper  "  and  "  Lower  "  Taconic.    There  were  two  reasons 

*Palaanitt)litQ]it)f  yrw  Yovh;  vol.  i.  p.  '^52.,  pi,  Ixv.  fl^s,  4a-c. 

*Pntc.  Aincr.  Amntc.,  1K48.  pp.  1(1-19. 

*  111  Ills  .ludjriiuMit  «)f  lackof  I<l(.»iitity,  ho  liacnuMMi  su.stniiiivlb.v  S.  S.  Haldoinan,i'h!J^ 
man  of  a  ('(uninittco  of  tlio  A>«s<K-latioii  of  American  lTiH>lo^l*«t««  anil  NaturalMs-a 
pointed  to  fOii.<>i<lrr  ilu*  (|iit'>tii)ii  (Ainrr.  Jintv.  Sci.  1 1,  v.  117,  1h48).     Thi^  judsrua*iii 
fcK'mr  Hall  opiKvsed  {Amrr.Jour.  Sci.  II,  v,  a22.  \s4A.) 

I  American  (Jothnju-  I*!" it  II.  ^^*  PP-.  .Albany,  lx.V>.  pp.  1-122. 
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for  iiLTertuig  the  order  as  originally  given  :  lot,  evidence  of  on  over- 
tnm,  BB  all  along  argaed  by  Bogere,  and  as  shown  by  the  digram 
given  by  Emmone  himself ;  2d,  the  discovery  of  fossils  in  the  Black 
slate,  which  Emmons  had  always  merged  in  the  Taconic  slate,  or 
had  closely  associated  with  it  (Ag.  Rep.,  63).  Thas  the  Black  and 
Taoonic  slates  now  stood  at  the  top,  bat  their  close  chronological 
asBOoiation  was  an  erroneons  assamption — the  former  only  belong- 
ing truly  to  the  sub-Potsdam  series.  As  Dr.  Emmona  ezclnded 
the  Potsdam  sandstone  from  the  Taconic,  and  as  the  Grannlar 
Qaartz  has  proved  to  be  Potsdam  sandstone,  the  Black  slate  was 
all  that  he  had  thus  far  really  bronght  into  the  snb-Fotsdam  Ta- 
oonic. This  Black  slate  of  Bald  mountain,  Bensselter  oonnty,  was 
now  the  only  imperishable  nuclens  of  the  TacoDic  system  as  con- 
ceived— however  Dr.  Emmons  believed.  The  so-called  Lower  Ta- 
conic was  pronounced  azoic. 

The  following  points  taken  from  the  "American  Geology"  (p. 
122)  embody  the  most  important  features  of  the  system  as  then 
itnderstood  byitsauthor:  I.  "Its  series  divided  into  groups  are 
physically  nnlike  the  Lower  Silurian  series;  2.  "It  snpports  nn- 
cooformably  at  numerous  places,  the  Lower  Silurian  rocks."  3. 
"It  is  a  vital  system,  having  been  deposited  daring  the  period 
when  organisms  existed";  6.  It  "carries  us  back  many  stages 
farther  in  time,  when  life  gave  vitality  to  its  waters,  than  the  Si- 
lurian." To  the  Bald  mountain  locality  of  trilobites  he  here  added 
one  in  Augusta  coauty,  Virginia,  from  which  he  described  Mioro- 
di9cu8  quadricostatus.  He  also  described  four  marine  plants,  22 
graptolites  and  six  molluscs. 

Keeping  in  mind  the  black  slate  of  Bald  moantain,  which  had 
yielded  two  species  of  trilobites  regarded  by  Emmons  as  suh-Pote- 
dam  in  age,  though  described  by  Hall  as  of  Hudson  Kiver  age,  it 
18  interestiiig  to  note  the  discovery,  about  this  time,  of  other  tril- 
obites in  the  Black  slates  of  West  Georgia,  Vermont,  lying  within 
the  region  claimed  by  Emmons  as  Taconic.  These  falling,  after 
two  years,  into  the  hands  of  professor  Hall,  were  also  described  by 
him*  as  belonging  to  the  Hudson  Biver  group.  By  this  authority 
the  beds  were  thus  made  equivalent  to  the  Bald  mountain  Black 
slate.  The  names  given  these  trilobites  were  Olenus  thompsoni, 
O,  vermontaaa  and  Peltura  holopyga,  now  determined  by  Walcott 
as  Olenellus  ihompsoni  Hall,  O.  {Mcsonacis)  vermoniana  Hall 
Bp.  and  Batkynoina  holopyga  Hall  {Amer.  Jour.  Sci.  Ill, 
xxxvii,  389,  May,  1889).    These  were  new  accessions  to  the  real 
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Tneoijic,  for,  though  made  Silarian  by  Hall,  they  were  recognized 
by  Parrande  as  primordial  or  snb-Silnriau  types.  A  real  anb-Pots- 
dam  Taconic  existed,  therefore,  in  1854,  in  Rensselaer  coonty. 
New  York,  and  in  West  Georgia,  Vermont,  not  to  mention  Augnsta 
county,  Virginia.     That  fact  was  embraced  in  Dr.  Emmons'  claim.* 

78.1.9.  We  have  no  documents  of  this  date  from  the  pen  of  Dr. 
Emmons,  showing  his  use  of  these  primordial  trilobites  as  voachers 
for  the  existence  of  a  real  Taconic  system.  We  find  no  recorded 
views  from  him  on  the  publication  made  by  Prof.  Hall  in  1859; 
but  in  his  Manual  of  Geology t  (p.  88)  the  preface  of  which  is 
dated  May  1,  1859,  a  large  trilobite  is  figured  under  the  name  of 
Faradoxides  brack ycephcdiiSj  which,  as  suggested  by  profeeeor 
C.  H.  Hitchcock  in  1881. ;|;  is  identical  with  Olenus  ihompsani 
Hall. 

This  publication  antedates  that  of  the  Twelfth  Regents^  Report. 
The  evidence  is,  therefore,  that  independently  of  work  done  by 
others  in  Vermont,  and  before  their  results  were  published,  Dr. 
Emmons  had  become  acquainted  with,  delineated  and  published 
sub-Silurian  trilobites  within  the  Vermont  area  over  which  he  had 
extended  his  asserted  sub-Potsdam  Taconic  system.  The  OeorgiA 
slates  now  beginning  to  yield  the  palaeontological  evidence  of  their 
age.  were  part  of  the  ''Primitive  argillaceous  slate*'  of  profesBor 
Dewey ;§  the  "Primitive  argillaceous  slate"  of  Dr.  E.  Hitchcock;** 
the  "Black  slate"  and  "Taconic  slate"  of  Dr.  Emmons  in  various 
publications  on  the  Taconic  system. 

1860.  However,  in  a  note  at  the  end  of  the  second  edition  of  his 
Manual  of  Geology  (p.  280)  he  says:  "The  slates  or  shales  referred 
to  (in  the  Retjcnts'  Report  for  1859)  in  northern  Vermont,  as  con- 
stituting a  new  series  above  the  so-called  Hudson  Biver  group,  in- 
stead of  ranking  thus  high  in  the  geological  scale,  are  really  sub- 
kSilurian,  as  is  fully  proved  by  the  overlying  calciferous  sfirndstone. 

'Th*»  Taroiiic    system  was    lualiitiiliied    In  X\\c  Report  on   the   OtfAttgicnl  Surmf '^* 
yttrth  i'aroUtuj.  S  vo.  Ikk;.  jip.  4i)-?J— rt*viowed  In  Amcr.Jour.  Sc(.  II,  xxlv.  4:77-430. 

^Mnuunl  of  <iniHtHj]i,  Hy  E.  Einnions.  LW  pp.  8  vo.  Philadclpliin.  1H60. 

UimhHfll  "J  Vdwnttt,  vol.  1.  'M7. 

Ai.fnrdinjr  to  l*rf»f.  II:ill,  tho  wliolf  of  the  XITth  Regenta"  Rriyftrt  wiis  puhliiihpd  prf- 
vions  to  Si'pt.  'JO,  lsri<».  Mr.  Ilillinjrs  jrivesOft.  or  Nov.  for  the  date  of  publication  (Oii»* 
ailitin  yatimilM,  vi,  im)  tlioujrli  tlio  date  on  tbe  title  pape  Is  March  15. 1859— evidentlj 
tlie  date  at  whk'Ji  the  printing  iH'^an.  This  document  purports  to  be  "some  of  tb? 
results  of  invi^stl^ra lions  made  durlnj;  tlie  years  1A55,  T>G,  *57  and  '58  bj'  James  Hall  "  aihl 
a  note  stales  that  Ihey  "are  already  printed  in  the  third  volume  of  the  PaUieimttAon  of 
i\Vir  I'ork."  Tlio  transmission  of  this  volume  to  the  governor,  nevertheless,  is  dated 
September,  1K5«.)."  showing  that  thtrngh  "printed,"  it  was  not  published  earlier  than  the 
Twelfth  UfiirutH*  Rc]>oti. 

W€0htQii-ol  Mapnf  lifikiihh'e.  3/(Wx;  Cnlumhlaand  Ren^eiaer  count U^.  A".  1'..  Araer.  Jour. 
Scl.,  viii.  124. 
•  *OtoU)iflcal  Reimrt  uf  MntotachuHctty,  IKC 
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.  .  .  We  DOW  know  the  folloving  trilobitea,  all  of  which  belong 
to  a  slate  beneath  the  CaloiferooB,  viz:  Aiopa  punetatus,  EUip' 
iocephftlus  {Paradoxides)  asaphoides,  Faradoxides  Thompsoni, 
P.  Vermontanus.P.macrocephalus.  P.{P(igurus)quadri8pinosus 
and  Microdiscus  quadricosiatus." 

This  extensioD  and  validity  were  given  the  Taconic  system  daring 
the  life  of  Dr.  Emmons,  and  almost  wholly  through  the  persistence, 
ability,  snd  force  of  his  own  eff orta  The  geologists  of  the  coantry, 
sare  Vannzem,  Jewett  and  Billings,  were  onitedly  agaiost  him. 
The  most  prominent  palieontologist  of  the  coantry  had  refecred  the 
Georgia  trilobites  to  the  upper  part  of  the  Hudson  River  group. 
The  distinguished  structural  geologist  of  Canada,  Sir  William 
Logan,  had  rendered  his  teetimouy  that  the  shales  affording  the 
EoBsile  were  "part  of  a  series  of  strata  which  he  is  (was)  in- 
clined to  rank  as  a  dietiuot  group  above  the  Hudson  Biver  proper* 
Only  one  authoritative  voice  was  raised  in  vindication  of  Dr.  Em- 
mons' long  contested  claims.  That  voice  came  from  across  the 
ooean,  and  almost  in  tones  of  reproach  for  American  palseontology, 
in  failing  to  recognize  the  principles  of  order  which  it  had  pro- 
fessed to  recoguize  in  the  succession  of  organic  life,  gave  utterance 
to  the  sentiment:  "Si  le  Dr.  Emmons  fait  eocore  de  la  gtologie  c'est 
pourlui  une  belle  occasion  pour  ri^produire  ses  anciennes  observa- 
tions et  BBS  idtias  avec  plus  de  succt^s  q'en  1814t 

No  public  documents  relating  to  the  Taconic,  of  later  date  than 
1860,  issued  from  the  pea  of  Dr.  Emmous.  He  went  to  North  Car- 
olina in  September,  i860,  as  State  Geologist,  and  remained  within 
the  Confederate  lines  during  the  civil  war,  "uotil  he  died,  in  1863, 
at  his  plantation  in  Brunswick  county,  on  the  first  of  October". 
Mr.  Maroou,  however,  maintained  a  correspondence  with  him  until 
Jannary  28,  1861,  and  from  these  letters  I  quote  a  few  passages.': 

In  a  note  dated  Raleigh,  Nov.  10, 1860,  he  says  :  "  I  do  not  think 
him  (Barrande)  right  in  maintainiag  that  his  Primordial  Group  is 
a  part  or  parcel  of  the  Silurian  .  .  .  The  Lower  Silurian  is 
strictly  unconformable  to  every  part  of  my  Taconic  series."  Writ 
inf;  the  next  day,  he  continues :  "Perhaps  I  did  Barrande  injustice. 

.  .  I  find  that  after  all,  his  Primordial  Group  is  only  Lower 
Silurian.     I  conceive  we  have  exactly  his  Primordial  Gronp  in  the 

Twolttb  Report  N.  Y.  Regents,  p.  tH.  iiole. 

tlistter  dI  M.  Barrande  tu  M.  Miin'Ou,  lUb  Aug.,  !t!UO.  (froe.  Ama:  Acad..  IBSS.  p,  lie  ) 
"On  ihe  PrlmonllBl  Faunit  and  the  Tai.'Onlr  .SfBteni  of  EmQiooa."  AUo,  In  part,  Pruc. 
BuXon  StKtety  Kai.  HM.  vll,  Dec.  IMO,  :m^.b. 

■The  lettem  ure  piililisliixl.  wLtli  iiiiii-li  other  eorre!tpuiidFii(.i>.  In  Priic.  Aaiir.  Acad.. 

nil,  was.  pp.  iBt-:B<. 
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band  of  slates  containing  the  Paradoxides.*  On  the  28th  of  Dec- 
ember, referring  to  a  communication  rejected  by  the  editor  of  the 
American  Journal  of  Science,  in  which  were  embodied  some  com- 
ments on  the  Huronian  system  of  Logan,  he  says  :  **  I  claimed  that 
the  Huronian  was  only  the  Taconic  system.*'  On  January  23,  1861, 
he  writes  :  *'  It  was  ten  years  ago,  I  think,  when  I  claimed  Logan's 
Huronian  system  as  nothing  more  than  the  Taconic.  .  .  The 
acknowledgment  of  the  Primordial  of  Barrande  in  this  country  (re- 
ferring to  some  concessions  of  Sir  William  Logan )t  is  really  one 
of  the  finest  and  best  facts  in  geology,  making  a  co-ordination  of 
American  and  European  rocks  so  complete  and  harmonious ;  I 
think  of  nothing  I  have  said  or  done  in  this  matter  ;  I  look  upon 
the  harmony  of  the  systems  ;  they  are  truly  worth  dwelling  upon/' 

In  reference  to  M.  Marcou's  proposal  to  include  the  Potsdam  sand- 
stone within  the  Taconic,  Dr.  Emmons  writes,  January  28,  1861 : 
"  Let  me  declare  once  for  all,  that  I  have  not  the  slightest  objection 
to  your  view.  .  .  If  you  believe  you  can  make  out  a  good  case 
with  the  Potsdam  anywhere,  I  never  shall  object,  for  I  have  no 
wants  except  truth/' 

These  noble  sentiments  close  the  correspondence,  and  constitute, 
so  far  as  I  know,  the  last  utterance  of  Dr.  Emmons  which  passed 
the  lines  of  a  country  so  soon  to  become  the  theatre  of  bloody  war. 

Let  us  now  consider  the  form  which  the  Taconic  system  had  as- 
sumed during  the  lifetime  of  its  author  : 

f  Potsdam  sandstone  (suggested  by 
TT  ^^       I      Marcon,  assented  to  by  Emmons).    I.  Cambrian. 
To   ^«    -i  Black  slate  of  Bald  Mountain  and 
laconic.    I     Georgia  slates  of  Vermont.  I,  Cambrian. 

.Taconic  slates.  III.  Hudson  slates  and  L  Cam. 

Magnesian  slate.  III.  Hudson  slate. 
Lower     I  Stockbridge  limestone,  including 

Taconic.    \     Sparry  limestone.  IL  Lower  Silurian. 

i^  Granular  quartz.  I.  Cambrian. 

•Tills  look>  llkrtiii  iitl  III  lesion  tliat  Em  iiioiis' Ai»Yidi»jri/fo«  band  was  I^iwcr  Silurl.m— 
atraiiist  wliich  he  contended.  Fiiit  though  Priniordiul  was  Silurian  in  the  c.xtcndod 
seiisi'  in  wliifli  Harrandi;  nscd  tlie  tt.-riu.  It  was  lienoatli  tlio  Silurian  as  Emmons  cun- 
I'fivt'd  it.  On  tlie  pit-vioiis  day  hv  had  duolarod  Barrande's  Primordial  nut  properly 
Silurian. 

tAlNmt  this  tlm<'.  In  a  lettrr  to  Jtarrandc.  dated  Dec.  Itl.  ISCO.  Sir  W.  E.  Logan  wrote: 
"  l*n»fes*.i)rEiiim4»iiNliasIonp  niaintalnrd  .  .  .  that  nH.^I{S in  Vermont  which  in  .Tunc- 
IK'iO.  I  for  tin'  first  time  saw  and  reeo;;nl7.ed  as  equivalent  to  the  nuiffne^ian  pan  of  the 
yuehee  ^i*ou|i.  are  older  than  the  HlnNeye  limestone  :  the  fossils  whieli  have  this  year 
been  ohtaliK-d  at  QuelMN-.  i)relty  i'h»arly  demonstrate  that  in  this  lie  Is  rljrht.  It  Is  at 
the  sanH'  time  ?.atisfaet«iry  In  tind  that  the  view  which  Mr.  Billings i*\pn*ssod  to  you  in 
hlsleiterof  the  Til  li.  July.  t«>  the  elTi-ei  that  tln-Quehee  trilobites  appt^annl  tohlmtit 
be  sibuut  the  Iimm-  of  the  sei-nnd  faun:i,  >hould  so  well  aceord  with  yourowu  opinions, 
and  thsil  whai  wr  \\vn'  U\<t  H|iriim  (liN|io>ed  Xo  re;rard  at  Ge«n"jrla  a»«  a  eolony  in  theMV- 
ond  faiiiisi  "-houhl  <o  <im)ii  Im*  pmvcd.  by  the  discoveries  at  Quebec,  to  be  a  constituent 
part  of  till'  Prjiuorilhil  /.mie."  Thi'^.  say*^  Harrande  ^L)^^niltu•nl*  aiwifUH  rt  ntnnn'<tuj.  vx*\ 
Hull.  4  I'ev..  iMiJi.  II.  ;i:.'«i.i  "  l>  a  formal  ri'eo'.:nllh)n  by  Sir  William  Lopin.  of  the  Tae  »:■■ 
System  at  the  base  of  tJie  Silurian." 
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On  the  right  are  the  parallelisms  established  by  Dana,  Walcott 
and  others.  The  Table  shows  the  Taconic  system  left  by  its  au- 
thor in  state  of  incompleteness — even  confusion.  We  find  three 
members  whose  true  positions  are  above  the  Potsdam  sandstone. 
Bat  we  find  also  three  members  whose  positions  are  admitted  to 
be  Bub-Potsdam — as  maintained  by  Emmons.  The  mal-position 
of  the  Stockbridge  limestone  was  an  error  of  exactly  the  same 
magnitude  as  that  of  the  geologists  who  would  identify  the  Gran-- 
alar  quartz  with  the  Potsdam  sandstone,  or  would  make  the  Black 
slates  of  Georgia  synchronous  with  the  Hudson  Biver  shales.  Our 
science  was  then  in  a  comparatively  crude  state,  and  none  of  these 
errors  need  surprise  us.  We  have  ascertained  that  a  real  sub- 
Silurian  system  exists,  and  that  Dr.  Emmons  fixed  upon  three  if 
not  four  of  its  members.  Such  are  the  facts.  Geologists  will 
differ  as  to  the  question  whether  such  a  degree  of  success  entitles 
Dr.  Emmons  to  a  recognition  of  the  name  proposed  by  him  for  the 
real  system  whose  existence  he  mentally  apprehended  so  well,  but 
whose  form  he  defined  so  imperfectly. 

It  is  intended  to  pursue  the  later  history  of  opinion  concerning 
the  Taconic  system,  as,  with  the  progress  of  science,  the  question 
became  more  and  more  palteontological;  and  if  not  yet  regarded 
as  settled,  the  discussion  is  proceeding  mainly  on  pahcontological 
grounds.  The  principal  papers  published  in  the  controversy,  since 
the  close  of  the  era  of  the  founder — about  1860,  will,  unless  pre- 
viously quoted,  be  found  cited  in  the  subjoined  note. 

•18d(K    Burrnude.  Jouchlin. 

On  tlie  l*rimordiul  Fuuim  and  the  Taronir,  system,  wltli  Notes  by  Jules  Mareou. 
Proc.  BtHf.  St)C,yat.  HM.,  Vul.  VII.  pp.  y<iU-><2. 
IMl.    Burrunde.  J. 

Docuinens  anciens  et  iiouv<.'aiix  Hur.la  faune  primordial  etle  syst^me  Tacoulquo 
en  Am6r1que.    Paris,  1^01. 
1861.    Hunt.  T.  S. 

On  the  Taconic*  system  of  Emmons.    Amn:  Jour.  Svi.  IT.  xxxii.  427-4:k). 
IMl.    Hunt,  T.  S. 

On  some  Points  In  American  Gleolojry.    Amcr.  Jour.  Sci.  TI.  xxxl.  pp.  'J\y2-ili. 
18G1.    Marcou.  Jiil«.*s. 

Tlic  Taconio  and  Lower  Silurian  R«)oksof  Vermont  and  Canada.    Proc.  Bos 
StK.  yat.  UlnL,  Vol.  viii.  pp.  'SR)-2Xi. 
1863.    Mareuu,  Jules 

Llste  additionello  d(^s  fo»*siles  (iu  terrain  Tacoiilque  de  rAmericiue  du  Nord. 
Bull  Soc.  adohtg.dc  Fntmr,  vol.  xlx  p.  T4«;  Paris. 
1802.    Marcou,  Jules 

Letter  to  Mr.  Joat^hlm  Barrande  on  the  Taconir  Hocks  of  Vermont  and  Canada. 
Aufr.  186S.  pp.  l-l.f.  Cambridge.  Mass. 

1863.     BiK^^by.  JJ. 

On  the  Cambrian  and  Iluronian  Formations.    Quar.  Jour.  (Jcol.  Soc,  30-52,  Feb. 
1863. 
1861.    Marcou,  Jules 

Notice  sur  les  gisements  des  lentllles  trilobltif^restaL-ouKiuesdele  Poi  nte  L6vis 
au  Canada.    Bull  SifC.  //{m*/.  r/r  Frame,  vol.  xxl,  pp.  2:jU-250  (Paris.) 
1866.    Logan,  W.  E. 
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On  tlK-  G«^i)l«»py  of  Eastern  Now  York  [Tour  with  .THnies  HhII.]    Canad.  \«j?uml- 
M  timl  (Mt:ol.     .     Hi'publlslied.  Aincr.  Jour.  .Scf..  11.  x.xxfx.  !j6-0H. 
iMiJi.     IV try.  J.  n. 

A  iM»int  In  tin*  C;«'(>loiry  of  Wostorn  Vonnont.    Atmr.Juur.  Set.  11.  :(lvli.  :ul-;;4!* 
[hii|>ort:iiit]. 
Hmiiiord  an<l  Sorly. 

Tln»  Marbli-   Unnlrr  of  Wr-tiTii  Now  England.    MMdhhury  HMtfrko}  .Wicfy. 
Vol.  i.  I'l.  11.18k-,. 
.Iulu*n.  A.  A. 

On  jroolo-ry  at  (.in-at  HarrIn;:ton.  Mas*.  Tnnu*.  y.  Y.  Acad.  Sci.  litu. 
1'<Ta.     Dana.  Jaiii(>>  1>. 

On  tlic  Qnart7,iti'.  LiiiM>>tt>iu*  and  a<>s(K'iat<Hl  Rocrks  of  tlio  Vioiiiity  of  Gn-at  Bur- 
rinirion.  Ut'ikslilrv  iM)unty.  Mass.     .    Amrr.  Jour.Sci..  III.  iv.  pp.  :*ffl-*7: 
4:>«»-453;  V.  pp.  4T-.'V:J:  s4-!M:  vl,  pp.  iJS7-278. 
1^77.     I>ana.  Janifs  I>. 

An  Acoount  ^f  tin*  r>l><'ovi-rIi»- in  Vermont Gcolojry  of  tho  Rov.  Augustus  Wiiir 
Ama\  Jtnir.  Sci.  III.  .x  1 1,  pp.  :M»-;MT:  405-4  H»:  xiv.  pp.  30-7. 
1877.     Pana.  .lanit***  1). 

On  tlir  Ki>latlnn>  of  tlu'  (j«'olosy  of  Vermont  to  that  of  Berksbirv.    Anur.  J^iw 
Sri,  III.,  xiv,  pp.  ;r7-4S:  132-14a:  iJJr>-20T;  i">T-Sft4. 
l'«7S.     I'riiiu'.  Frt'dt'rii'k..lr. 

On  the  DIsoovory  of  Lower  Silurian  Tosj^ils  in  Limestone  a.sst>.'iat€Klwltlt»  Hydh- 
mii'a  Slates,  and  on  other  Points  In  the  Geology  of  Lehl;rh  and  North. 'iiiipt<4i 
I'ounties.  Penn.     .    Amrr.  Jour.  Sci.  III.  xv,  2fil-2d0. 
I.-*?.).    Dale.  T.  Nel.-^ui.  .Ir. 

On  the  A^e  of  the  <. 'lay— .late  and  Grits  of  Poughkeepsle .    Amcr.  Jour.  Sci.  HI 
xvli.  r>7-.'y.». 
l-iT!*.     Dana.  .1.  D. 

On  the  Hudson  Rlver  A^e  of  the  Taeonlc  Sdiists.  and  on  the  dependi^nt  Rfli- 
tii)nN  of  the  Dutchess  county  and  Western  Goun.    Limestone  Belts.    .iMfr. 
Jour.  Sci.  ITT.  xvli.  a75-:tw:  xvill.  61-W. 
1S70.     DwiL'hi.  W.  U. 

On  s<»nH»  Recent  Exploratlnns  in  the  Wappinger  Valley  Limestone  of  Dutdn*'* 
i-nunty.  N.  v..  Anor.  Jour.  Sci.  Til.  xvil.  3MKft)8. 
ls7i».     Whitllehl.  K.  P. 

DiM'iivi-iy  i»f  Spi't'IiiienN  of  Mtwhnra  nin(jna  of  the  Clia/y.  in  the  Barru'irai  Lir.r- 
stone  mar  Ncwl)uri:h.  N.  Y..  Amrr.  Jnur.  Sci.  Ill,  xvlii.:.n*7. 
1SS».     Lesley.  .1.  P. 

A  Ilud.-on  Kiver  l'u«-iil  Plant  in  the  Rtw^finpSlate  that  In  as^o^ijited  wiTh\.lil 'T- 
iie  Slate  and   Metamorphic  Limestone,  in   Mar3'land.  adjoininz  York  ;ir.«i 
Lan«'aster  «*ountie-.  Pa..   Pntc.  Amrr.   PhiliHtujth.    Nik*.,   .xvlli.  SW;  .lii-''- 
Ji>ur.  Sri.  111.  .\i.\.  71-2. 
issi..    I'nrd.  S.  W. 

N«Ut'  on  tl»e  TriU)bite.  Atnits  triliucatUfi  of  Emmons  [ITiddin?  it  distinct].    .I't ' 
J..i/r.  .s'ti..  III.  xlx,  l.VJ-;{. 
l-^^tt.    Dana.  J.  D. 

Li^i  nf  PapeiM  on  the  Taeoni*'  Sy>tem  [as  at  first  defined  by  Emni«>n«.]  '^-'^ 
>iatenieiit«.  of  point ^].    Am*r.  Jour.  Sci.,  Ill,  xix.  la:i-l.>4. 
lss>.     Tord.  S.  W. 

On  the  Wi-t.'in  Liniit>  of  tlio  Taconic  System.    Amcr.  Jour.  Sci..  TIT.  xix.iI>St 
iNsi.     Winrhell,  N.  II. 

The  PoiMlaiu  Sandstone.    [DIscunscs  Taconic].     Viiith  .Inn.  f?<ri>.  Afian.  pp. & 
i:H5. 
lN»l.     Daua.  J.  I>. 

(M'olou'iral  Kelatii«ii  »»f  the  Limestone  Belts  of  Westchester  County.  N.  Y...t«^ 
Jnnr.  Sci.,  III.  xxil.  3i:i-31.>-;e7-;KC.. 
l*^"^!.    Mavi'im.  .1. 

Tai-oiiic  iloi-k^of  the  Border  of  Lake  Champlain.    Bull.  Sftcg^tJ.  Francf.S"'- 
IvJt.     Xi.tii'ed  Amcr.  .Imir.  Sci.,  TII.  xxil.  'J2i-'2. 
1>'*0.     Daiia.-I.  D. 

Genloiiii.-al  .V;:e  of  the  Taconir*  ?y-tem.  Quar.  Jour.  Geo}.  Soc.  Lond..  xxxviii.3it 
.Vbstiai't  Auwr.  Jnur.  Svi.,  ITI.  xxiv, 2H1-3. 
l-^SJ.     lIunt.T.  S. 

Tiie  Tai'oiilc  Question  in  Geoh)j?y.     Tram.  Roy.  S<^.  Ca*iada.  Vol.  1.  ^*  * 
[Dana  say-  "Doticicnt  and  one-sided."] 
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uea.    Selwrn.  A.  R.  (',. 

KotvHon  the  Gcoloe?  ul  the  Suuthcasteni  Portion  ot  the  Pnivlui-c  uf  Queboc. 
Can.  Rcii.  for  ISW-l-S.  A.  pp.  G-T. 
I«SI.    Wiilrott,  (.'.  I). 

Tb(^  C'HnitiTlitn  HyHtoiii  lii  the  iriilu-d  StuttH  anil  (.'HDudai,  Bull.  Pjilluaaph.  Si>e,. 
Wnililngtoii.  vol.  vl.  pp.  !H-I<U. 
MW4.     Wukott-f.  11. 

Onthi-Ci^nibrlunPHiinaor  Mortli  Aiiioilcii.    Dull.  U.  K.  Gtnl.  SirP.,Ho.10.VP. 
S,'iliiulnliicp]iL>'t.1l. 
IKM.    Wlnohi-ll.  X.  H. 

([■icl<lentaldlac?it!MLnn<iI  TiicMn Lc  lii]  Tho  Orystulliiie  Um'kHot  llic  Nortliwctit. 
/Viif.  Amer.  AmK.,  lum.  pp.  Sni-STU. 
ie»l.    Ford.  C.  W. 

On  thu  Aks  uC the  Ulanit  hdiI  Ct>iitorti.'d  Slaty  tCocksIn  ihe  vicinity  at  Rcliudock 
LtLiulliiR.    Auur.JiiHT.  Se(.,  Ill,  xxvll1.3UQ-Sue.    Krrutiiiii.  p.  313. 
IXSI.    Dunu.J.n. 

(la  tliv  Soutliwanl  EiKlInft  or  h  Oivat  RyuiiUiial  In  tlui  Tuuonlo  Itanico.    (Bead 
iK'torctliuUrltlsIi  Assuclittlou).    Amcr.Juur.  Stl,  III.  xxvlll,2SH-«j. 
ISM.    Hall.  James. 

On  the  HiidHuii  Klvor  Aite  i)f  tliu  Tai^uniu  Klati-s.    [Notice  of  liy  Danii].    Amer. 
Jour.  Hfl..  Ill,  xxvill,  811-^13. 
inss.    Miiruiu.  Jules. 

Thu  "Tucuiili;   nyMom."  mid  Hit  P<»itlr>ii  In  !ilrallKr:i|)h1i'  Ci' iloiiy.    Pi-iir.  Amrr. 
Arrul.  lit  Ari»  nod  Sclriirf.  Vol.  xU,  lT4-3riH.  [With  b[lillii,'nip1il(;;il  Hlatitiueuls 
aiid  lettun  from  Euiiiioim  and  Uurrunde.] 
18ffi-T.    UuTin.  .1.  I). 

OiiTiiconli:  Koclnund  Stratlgrupliy.  witli  a  Gciiloxk-al  tii:ip  o(  lliu  Tncunli- 
n'^-lou.  A-Kr.  Jmtr.  Set.  llL.xxlx,li»-:£»i  Vn-iU:  xixlll.  ■i:<i--iK:  Jtli-ni. 
Vm.    Dunu.  J.D. 

OnLowitrlilluriiinl'ViH^UfniiiiuLlmi-HtinieortlioorlKhialTaiDiiliiiit  Eimnons. 
[ATuep.  Aswic.  ixm],  Amer.  Jimr.  Hel.  ill,  xxxl,  3I1-31B. 
IMft.    Furd.ii.  W.and  W.lt.I)wl)(lil. 

I'n.-lliulnarj'  rciMiR  upun  FiwiiUh  obtulncd  In  IS)t,\  tnini  niutuiai>rplilo  llDiustuni-s. 
of  ttie  Taconlf  Dvrli-sot  Emniuiis,  ut  Cuniiun.  X.  V.,  .Iniri'.  Juiu-.  SrA,  III, 
xxxl,  iVi-Va,  with  plutc  vll. 
WM.   Ihinu.  J.  I). 

Tbu  Histury  of  Tuwinli-  InvvntlKUt  Ion  prevluun  to  Iho  work  ut  l'rufi>Hsor  Enimnns. 
rAddii-s.s.lh-rkslilru  lllstorl<;uiai>e..  Krii.  IStCi.)    Amer.  Jmir.   Krl.    Hi.   xixl 

1K».    WaUvitt.  f.  D. 

Clitsslfltntlon  ot  tliv  Uiiriit 
Acaileniy  of  Soleiici*.  n 
1W-13T. 
U80.    Wulcutt.  r.  [). 

BefODd  Contribution  tn  tbu  l^nnibrlan  FaunnMot    Norlli  .\iiicfli-ii,  ;iiiU  ]>p.  )<vci, 
with  ua  ptult-H.    »hI(.    No.  :1U.    (.'.  .S.  MiiiI.  Nurr. 
UW.    Itunt.T.R. 

HloBral  I'liysloloKr  und  I'liysUisrapliy  [TiKtiitliui  iTacoiil iiisl<ti'red  I'xicii- 

■IvL-ly  In  many  parls  c)f  tho  work.    Smj  ln<li-x.] 
UftT,   WhuTliwll.  N.  II. 

NotttHonClasitllli-ntlonund  Nonii-nclaluri!  for  tbu  Amcrli'iiii  C»iiiiiilttri>of  thu 
[nternatlunal  (iuolutflrul  Ciinilri'w.      •Ini'rWi'iiri  .ViifuriiKxI.   Miuvh,  I>Vf".   p 

nn-TiN). 

ISW,    Hunt.T.  S. 

Tlio  Tftconlc  Qiii-«tli>ii  KtMlntvd.    Amtr.  XatufMM.  xxl.  tit-un;  •S»i--£i\;  »13-.'»l. 
U«7.     DwlRbt.  W.  ]l. 

PaUBUDluloflkiit  OlMorvatlmiH  on  tin-  Tumnic  Llim-Mtoni-  ot  faiuian.  Ccilniu- 
bla  county,  N.  Y.    lAiiicr.  Assoc.  Au^..  l«t>K,>  .I'ikt.  SalumlM,  l<w.  p.  STU. 
188T.    Walcott,  C.  II, 

Qeologlc  Axe  of  the  I.i>wiist  Foriniitlnns  iif  Euirnons'  Tiiciinle  Hystciii.     Head  be- 
fore l>hlli>8<>pbl<:;il  l<i>c.    Wasblnnlon.  Jan.  iS.  imi.    Alislnii-t.  Aaixr.  Jonr. 
Sri.,  Ill,  xxxlll.  1,VM. 
U8T.    Dana.  J.  D. 

The  Views  of  Prori'MMirEitiiiions'.ni  tUe  Tiicoiili-  (jui'sllon,    Amer.  Jiiut.  Stl.. 
III.  xxxUI,  113-m. 
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lw*7.    Wul«i»tt.  c.  n. 

F:iiinu  of  tin'  "UpiK»r  Tai'oiil**"  of  F.iiinions.  In  W':i>liiiYSlou  puimty.  N.  Y.. . 
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1»*7.     Irvlnjr.  K.  J). 

Is  thi>n' a  llimmfiin  GroupV    Amrr.  Jour.  Sri..   III.  xxxlv.   -Jt^-OIO: -V.-Lil 
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1S8X.     Miller.  S.  A. 
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lf*^S.     Wlnrhell.  N.   II. 

[I'*.!- nf  tli«-  t*-rni  Triennie.  In  Kepurt  to  InternatiiMial   Coinnilttri-]  Am-i.  «»• 
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DOUGLASS  HOUGHTON. 


ISSl.  Dr.  Hooghtoa'B  earliest  record  in  respect  to  the  rocks  ot 
Michigan  is  foand  in  his  report  to  the  Secretary  of  War 
as  Botanist  of  Schoolcraft's  Expedition.*  Speakiag  of  the  copper 
ot  lake  Superior,  he  says:  "After  having  duly  coiisidered  the 
facta  which  are  here  preseated,  I  would  not  hesitate  to  offer  as  an 
opinion  that  the  trap  rook  formation  was  the  origioal  source  of  the 
maaaes  of  copper  which  have  been  observed  in  the  country  border- 
inf!  on  Lake  Superior ;  and  that  at  the  present  day,  examinations 
for  the  ores  of  copper  conld  not  be  made  in  that  country  with 
hopes  of  succesB,  except  in  the  trap  rock  itself  ;  which  rock  is  not 
certainly  known  to  exist  in  any  place  upon  lake  Superior  other  than 
Kewena  point."  This  opinion  on  the  source  of  the  native  copper 
he  had  subsequently  abundant  opportunity  to  confirm,  though  op- 
poseil  by  mach  scientific  incrednlity. 

1S40.  In  hie  Third  Annual  Report  on  the  geology  of  Micliigaa> 
dated  February  3,  1840,  summarizing  observations  of  1839,  Dr- 
Houghton  treats  of  the  "Upper  Peninsula."  Under  the  head  of 
"  General  Geology  of  the  South  and  Southeasterly  Part  of  the  Up- 
per Peninsula,"  t  after  describing  the  distribution  of  the  "  Primary 
rocks"  in  Michigan,  he  says:  "The  inimeuse  Primary  region  of 
which  the  line  described  may  be  considered  as  it  were,  a  single 
point,  stretches  nearly  continuously,  many  hundred  miles  north- 
vesterly,  skirting  a  portion  of  the  shores  of  lake  Superior,  and  in 
conjunction  with  the  trap  rocks,  constituting  the  highlands  between 
that  lake  and  lake  of  the  Woods.  From  these  highlands  it  etretchea 
a  little  east  of  lake  Winnipeg,  far  to  the  northwest,  finally  conati- 
tnting  the  immense  "  barren  grounds  "  of  the  British  Possessions. 
It  is  also  well  known  that  this  range  of  primary  rocks  stretches  in 
an  easterly  direction  through  the  interior  of  the  upper  province  of 
Canada"  (p.  11). 

This  is  the  earliest  general  location  of  the  eastern  nucleus  of  the 
oontinent. 

W«i.     Jluiroii.  .1. 

Tli.'I^im'iiinilMia<ll.-Tii.^.iii.'c.f  Eumii,-  iiml   Nuiili   AmutUm.     .lia-r.   I.I...I.,- 
gM.  V.  -.a-^a:,:  vf,  >-1irj.  ■-.^i.-.'.v. 

uin.   widi-iiHi,  N.  n.iiiiiin.  V.  wiii.-ii.ii. 

TLfTnianil.-(»r.-s.ir>lliiii.™.I:i   mill   W..,I.Tn   Xi'W   F.ii:f|]iiiil.     lii-ad  ln-r.iri- Iliif 
G«Ulu)[li-nl  :i<ii-1i-ly  or  Aiii<-rl>M.  AiiLV  in.    Aitt'i:  <l<,<l.  N,iv.  HU. 
UUO.    WlnclK-II.N.  II. 

Whatl.'oiiT'tltuitH>il>i-Tii<NimirM.niijl:ilii>'!    It<':k<l  lo-f.in'  S.i-,   K.   AmiT.  As-.n'. 
Adv.  M..  All!,-,  Si  Wt       Amrr.  Urol..  r\.  •r,. 
•Nov.  U.  isai.    Alsi.  Ili'iiry  I!.  !ii'liOiik-r:ift.  ni-n<reru -if  Ih-  S-uir-  ••'  lh(  Ml^glMiiiiU 
New  York.  ItOI.  pp.  SHT-'JlU. 
fStiuUeDocinmiit  No,  K  lr«i.  ii.  I*'. 
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Some  further  but  disconnected  quotations  will  be  introduced. 

**  On  the  mainland  at  these  'narrows'  [the  place  where  the  cur- 
rent of  Ste.  Marie's  river  meets  the  slack-water  of  lake  Huron] 
and  extending  for  several  miles,  the  knobs  are  composed  of  com- 
pact greenstone,  occasionally  partaking  of  a  sub-slaty  character, 
and  under  which  circumstances,  the  rock  bears  a  close  analogy  to 
some  of  the  varieties  of  primary  argillite." 

**  On  the  northern  part  of  the  island  of  St.  Joseph,  a  fraction  of 
the  southeastern  part  of  Sugar  island,  and  a  portion  of  the 
main  land  on  the  east,  the  place  of  the  hornblende  rock  is  supplied 
by  granular  quartz  rock,  usually  white,  but  sometimes  passing  to  a 
reddish  or  deep  red  color." 

"  In  the  range  of  hills  bounding  the  easterly  side  of  Great  Lake 
George,  talcose  slate  was  observed,  but  to  what  extent  it  exists  I  am 
unable  to  say"  (p.  13).* 

It  appears  that  Dr.  Houghton's  conception  of  "Primary  rocks" 
was  rather  broad.  The  granular  quartz  rock  mentioned  is  nov 
known  to  be  a  westward  extension  of  the  "Huroniau"  quartzites 
of  the  Thessalon  valley  in  Canada.  The  *'  talcose  slate  "  on  the 
other  hand,  probably  belongs  to  the  Marquette  iron-bearing  series 
which  by  the  present  writer  has  been  suggested  to  be  an  older  sys- 
tem than  the  Huronian.  It  is  worthy  of  note  also,  that  Dr.  Hough- 
ton reports  the  **  Lake  Superior  sandstone  "  as  resting  *'  against  and 
upon  the  Primary  range  of  the  Ste.  Marie's  river."  That  is,  at  one 
point  the  "talcose  slates  "  (Marquette  series)  rest  in  contact  with 
the  gneisses  ;  at  another,  the  overlying  quartzyte  (Huronian)  ex- 
tends over  to  the  gneiss  ;  and  at  another,  the  still  higher  sandstone 
( PaLiu^zoic)  reaches  over  to  the  gneiss.  Thus,  it  is  unsafe  to  con- 
clude that  the  formation  resting  on  the  gneiss  at  any  particular 
spot  is  the  one  historically  next  in  order  of  age. 

i>*//.  Tn  his  report  for  the  following  year.  The  continues  his 
description  of  the  Northern  Peninsula.  His  conception  of  Primary 
rocks  appears  more  restricted,  for  he  says  they  "are  chiefly  granite, 
syenite  and  syenite  «zranites."  (p.  15.)  After  describing  the  vast 
development  of  *'Trap  Rocks,*'  he  recognizes  a  group  designated 
"Metinnorphic  Itocks."  "Flanking  the  Primary  rocks  on  thesootb,* 
he  says,  **is  a  series  of  gtratiiied  rocks  consisting  of   talcose,  mica 


'  1 1:  \  .lu  !•:  Hii-  r  I  <••  lit  i-\tiii'.i\  I'  i-iiiployiiit*iit  <.)f  "  fii-lil  sttnii*^  "in  «'iiitn*  parlr^'f  '•■• 
-i:ii»-.  :i:  1  ill  w.i.K  ..r  -  il'-.i:iiit  ;:il  "M  iii-t  iin*^,  llu*  folluv^iiii:  i]nc>t:itii>ii  fn«iii  llii-  nj*  n 
ji, -.-i-.-t  •.  .1  !fii-!  :  -I'l  t'u-  iriiii.tMli;iii'  \irinity  of  tin'  »iur\«'yfi.l  Itin-  nt  ilic  *l' 
.M;;i;i-«.  .'.ii  i'..  ;  i  ..ti~i>i-n«  .1  •  ;i'.M«»iif  sriMiiitt*.  ImrnliloiHlr.  >ii'iiiro  and  iiuari/  r'H-is 
M*i-nrii.  :ii.i!  iinx  •  ..\  ■•  i  i-'i"«<'.ii:<-;illy  ciiipluyi'il  fm- tliv  i.*iiii^tni<'1  li'ii  nf  lln- iir^l^-^'^ 
I'M  !»-«.  :ii.il  u  :':!  ;■■  .;i  Ni   :,!i  •  r.M u !  ii.i:  ""l iiu'lim'. "  \\i.  !,*>•. 

•"Stiuii- I  »i.,'\;ij,i  nt  Nil.  I'".,   l^il. 
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and  clay  alatea,  slaty  hornbleade  rock  and  quartz,  rook;  the  latter 
roek  oonetitatiDg  by  far  the  largest  pr  jportiou  of  the  whole  group." 
These  represeot  the  group  of  rocks  iu  the  Menominee  region,  which 
Dr.  Emmons  so  eagerly  aocepted  as  representatives  ot  the  Taoonio 
Bystem  in  Michigan. 

The  following  is  an  interesting  early  notice  of  the  mode  of  oo- 
oarrenca  of  serpentiue.  "In  traversing  the  cjuutry  southeasterly 
from  Little  Presqu'  ile,  the  point  referred  to  as  the  most  south- 
easterly prolongation  of  the  grnuite,  this  last  rock  passes  almost  in- 
sensibly  into  a  serpeutiue  roc'^*  which  has  a  regular  jointed 
strncture,  sometimes  approaching  to  stratification;  continuing  in 
the  same  direction,  we  &ad  a  series  of  hornblende  slates,  talcose, 
mica  and  clay  elates,  resting  agaiust  the  serpentine  rocks;  and  still 
farther  to  the  southeast,  the  rock  becomes  almost  uniformly  quartz. 
The  rocks  of  this  group  dip  irregularly  to  the  south  and  southeast, 
while  the  cleavage  of  the  slate  is  very  uniformly  to  the  north," 
(p.  17.) 

A  gradual  passage  from  granite  to  "greenstone"  is  noted  as 
follows:  "As  we  proceed  northwesterly  from  the  southeast  bound- 
ary of  the  Primary,  over  the  several  broken  ranges  of  hills,  we 
find  the  character  of  the  rocks  in  mass  almost  imperceptibly 
ohanging.  The  quartz  ns  a  mineral  gradually  forma  a  less  import- 
ant part,  and  it  finally  alra^wt  wholly  disappears,  leaving  a  binary 
compound  of  feldspar  an'J  hornblende,  which  then  assumes  a 
granular  structure,  constituting  greenstone.  The  intermediate  rock 
between  the  syenite  ami  greenstone  ranges  may  not  inappropriate- 
ly be  called  a  syeuitic  greenstone,"  (p.  23.) 

The  granitic  rocks  are  intersected  by  dikes  which  can  be  traced 
oontiDUOUsly  and  with  increasing  abundance,  into  tiie  greenstone 
masses,  showing  the  granitic  ranges  to  be  the  oldest  (p.  24). 

In  reference  to  amygdaloids  lie  says:  "I  am  disposed  to  refer 
the  origin  of  much  of  the  amygdaloiil  rock  to  the  fusion  of  the  lower 
portion  of  the  sedimentary  rocks  referred  to.  for  the  reason 
that  as  we  pass  soutli  from  the  junction  f  recHliuj^  from  tlie  sedi- 
mentary rockii]  the  amygdaloid  rocks  wholly  disappear,  their  places 
being  supplied  by  greenstone;  and  again,  so  intimately  are  they 
blended  that  it  is  frequently  impossible  to  determine  where  the 
amygdaloid  ceases  and  the  upper  seiliuientary  rocks  commence. 
Fragments  of  the  sedimentary  rocks,  the  characters  of  which  can  be 
clearly  recognized,  are  not  of  rare  occurrence,  imbedded 
in  the  amygdaloid  rock,  a  circumstance  which,  although   by   no 
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means  conclusive,  should  not  be  overlooked  in  considering  the  sab- 
ject"  (pp.  27  and  28). 

Of  the  conglomerate  rock  he  says:  **It  may  without  doubt  l)e 
considered  as  a  trap  tuff,  which  was  gradually  deposited  or  accu- 
mulated around  the  several  conical  knobs  of  trap  during  their 
gradual  elevation"  ( p.  33 ).  It  is  very  variable  in  thickness.  There 
is  "scarcely  a  pebble  of  any  other  rock  than  trap."  They  are  ce- 
mented by  "a  mixed  calcareous  and  argillaceous  cement  more  or 
less  colored  by  iron,  and  exceedingly  firm.  The  conglomerate  is 
"imperfectly  stratified  in  masses  of  immense  thickness,"  in  its 
maximum  a  little  east  of  Montreal  river,  estimated   at  5,260  feet. 

(pp.  3:1:,  35). 

The  formation  described  as  "mixed  conglomerate  and  sandrock'* 
"is  made  up  of  an  alternating  series  of  conglomerate  and  red  sand- 
stones which  rest  conformably  on  the  conglomerate  rock  last  de- 
scribed" and  "in  strictness  should  probably  be  considered  as  a 
member  of  the  conglomerate  itself"  (p.  18),  Its  greatest  observed 
thickness  is  4,200  feet.  The  conglomerate  beds  resemble  in  all 
respects  the  underlying  conglomerate,  and  the  intervening  sand- 
stone beds  are  composed  of  the  same  materials,  but  are  sometimes 
ripple  marked,  anl  were  thus  evidently  deposited  in  shallow  water. 

These  sandstone  beds  are  very  distinct  in  composition  from  the 
**red"  and  "grey"  sandstones  higher  in  the  series"  (pp.  19,  37l.* 

It  will  serve  to  convey  an  idea  of  the  extent  of  Dr.  Houghton's 
researche.s  in  the  Upper  Peninsula  to  state  that  the  Exec,  Dw., 
1849-50,  Part  III,  contains  (p.  880),  the   following  among  Hough- 

*r!n' '"iMiKMiitlnu-U"  :i<«.iiim:Mc(1  with  ■•f,li:ih-s"  I>  nuirli  umrr  iniart/i>s«- ilian  rtir  i-ri- 
iiilri'-MlMtnl  w  iili  lh»*  <'i)M;:liiiiMT;»tf.     It  :itl:iins  :i   inaxinitini   lhifkm->'i  nf  •i..V»-  fi-r 
**(>n  llif  xiiiit  ln":i«^t  «.i«li'  nf  I\r\v»Tii:i  w  l»;»v.  m-ar  it«»  head,  nii  ar^illai'i-ouo  im-U  api'*-*"' 
*'«-\  i<l«-ritly  i'|iiIm"ii-«-i1  In.  nr  railior  may  hr  «»ai<l  t«»  oon^titiiU'  a   Tu*'rul>or  tjf,  lin' ^iN-i- 
5»t«iiK'  xitIi-x.'"     1 1  i>s«.!i.«M  iiiu-..  ■•ill  \\\v  foT'iii  of  a  >latf."  tliiMiirli  usually  it  "•■lo'-rly  K"- 
sj'iiilih— indiiiril'tl  i-l.iy."     It  ran  In*  rut    witli  tlu*   kulfo.   and   fho    lrnlian«»    \\u\r  \,\\z 
nscd  it  a- a  ]»i|M  «.iiini'.     A  siiidlar  r«»i-k  api't'iit-^  at  sevi-ral  <»tlu^r  point  >  in  tin-  :i.ti::i:T 
'riM'««f   *.latr>  an- -liiiw  n  liv  his  nut«'"»  nf  !>♦.'>.  to  |>a>s   under  thf  ^iand'^tonf.!     Tii«'"lp- 
IM'V.  oi- (Jvj'y  Saiiilioi-k"  j<  no  part   <.»f  the  I.ako  ^^llp«^^ior  Nand-^TiMii-.     Wliih-  ihi- 1.-.;*.-: 
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ton's  results:  1.  ''A  Geological  Map  of  the  Townships  of  the 
Northern  Peninsula  of  Michigan  subdivided  by  D.  Houghton,  D. 
S.  in  the  year  1845."  (This  covers  Keweenaw  Point.)  2.  "Geolo- 
gical Map  of  Township  Lines  in  the  Northern  Peninsula  of  Mich- 
igan, surveyed  by  Wm.  A.  Burt,  D.  S.  in  the  year  1845,  for  D.  Hough- 
ton, under  said  Houghton's  contract  for  surveys  with  reference  to 
Mines  and  Minerals"  (The  region  on  Little  Bay  de  Noquet  and 
along  the  Escanaba  river  and  to  lake  Superior.)  3.  ''Geological 
Map  of  a  District  of  Township  Lines  in  the  Northern  Peninsula  of 
Michigan,  surveyed  by  Wni.  A.  Burt  in  the  year  1846."  (Begion 
between  the  Escanaba  and  Menominee  rivers.)  Also  (p.  896.)  1. 
''Geological  Map  of  a  District  east  and  west  of  the  Ontonagon, 
subdivided  by  Messrs.  Higgius  and  Hubbard  under  a  Contract 
bearing  date  April  23,  1846"  (From  Portage  lake  to  Carp  river.) 
2.  ''Geological  Map  of  the  District  subdivided  Ly  Messrs.  Hub- 
bard and  Ives,  under  Contract  bearing  date  September  7,  1846." 
(The  Begion  from  Presqu' ile  toL'Anse.)  These  six  maps  were 
produced  under  the  system  of  combined  linear  and  geological  sur- 
veys inaugurated  by  Dr.  Houghton.  Thus  nearly  the  whole  of 
the  Upper  Peninsula  had  been  geologically  mapped  before  the 
signing  of  the  contract  with  Foster  and  Whitney,  and  without  in- 
cluding the  results  of  Dr.  Jackson's  survey.  Mr.  Hubbard  gives 
also,  five  handsomely  drawn  sections  from  lake  Superior,  across 
the  country  southward,  besides  five  lithographed  views. 

The  following  is  Dr.  Houghton's  latest  view  of  the  succession  of 
rocks  in  the  Upper  Peninsula  of  Michigan  : 

6.  Upper  or  Gray  Sandstone  (Houghton,  1841,  pp.  19,  41)  not 
conformable  with  next  below. 

5.  Lower  or  Bed  Sandstone  and  Shales  (Houghton,  1841,  pp. 
18,  37).    Identified  with  Potsdam  Sandstone. 

4.  Mixed  Conglomerate  and  sandstone  (Houghton,  1841,  pp. 
18. 35). 

3.     Conglomerate  (Houghton,  1841,  pp.  17,  33), 
r  2.     Metamorphic rocks  (Houghton,  1841,  pp.  16,  31).   Quartzite, 
Argillite,  Talcose  and  Clay  slates,  Mica  slate. 

1.  Primary  rocks  (Houghton,  1841,  pp.  15, 23).  Granite,  Gneiss, 
Syenite  and  Syenitic  Granite. 

Numbers  6  and  5  are  probably  both  representatives  of  the  New 
York  Potsdam.  Numbers  4  and  3  are  the  Keweenawan  System  of 
Chamberlin  and  Irving,  and  number  2  occupies  the  place  of  the 
Taconic  system  of  Emmons. 
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EDWAKD  HITCHCOCK. 
18-'l'{.  la  his  Fiual  Report  ou  the  Geology 
FrofesBur  Edward  Hitchoock  enumeratee,  amoi 
iug  rocke  or  groups  of  rocks  minerAlogically 
wacke,  Argillaceous  slate,  Limestone,  Scapolii 
Mica  slate,  Talcoee  Blnte,  Serpeiitiue,  Horuble 
all  wbicii  are  stratifieil ;  (Ifpenstone.  Porphyry 
ite  —  which  ore  uustratiEed.  OF  the  Berk: 
thioke  a  part  is  "primitire,  in  the  Weroeriaa 
term,  for  it  is  iuterstratided  with  gneiss  nnil  ir 
But  the  mica  slate  in  its  westward  e^kteusiou 
and  the  limeatoue  loss  cryEtalliue.  Passiog  i 
limeetoue  assumes  the  character  of  Dewey's  "  ti 
"But  a  siugular  anomaly  iq  the  superposil 
rocks  above  described  presents  a  great  dil^cull 
strata  of  these  rocks  almost  uniformly  dip  to  t 
iiewer  rocks  seem  to  crop  out  beneath  the  older  c 
charine  limestone  associated  with  the  gneiss  ii 
the  range  seems  to  occupy  the  uppermost  place 
ae  superposition  is  of  more  value  in  determini 
of  rocks  than  mineral  characters,  must  we  ui 
rocks  as  we  go  westerly  from  Hoosac  mouotai 
to  older  groups  ?  The  petrifactious  which  so 
and  their  decidedly  fragmentary  [fragmental 
allow  such  a  supposition  to  be  indulged  in  f< 
impossible  for  a  geologist  to  mistake  theevidei 
almost  every  step,  that  he  is  passing  from  olde 
soon  ae  he  begius  to  cross  the  valley  of  Be 
west  We  are  driven  then,  to  the  alternative 
that  there  must  be  a  deception  in  the  apparent 
rocks  from  beneath  the  older,  or  that  the  whol< 
been  actually  thrown  over,  so  as  to  bring  the 
bottom.  The  latter  suppositiou  is  so  improba 
present  admit  it"  (pp.  2i)7-"2i)8).  He  then  s 
formities  to  have  been  i)ro<tueed  —  one  at  the 
monntaiu  bstween  the  gneiss  and  the  quartz 
farther  west,  in  the  valley  of  Berkshire.  He 
ties  involved  in  the  acceptnoce  of  suoli  an  e> 
compelled  to  adopt  it  proviHioually.  Moreoi 
sustained  in  this  opinion  hy  that  of  Dr.  Emmo 
lege,  whose  aciiteness  of  observation  and  ace 
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tion  in  the  Tarious  departments  of  natural  history  are  well  known" 
(p.  300. 

Professor  Hitchcock  frequently  touches  on  questions  of  meta- 
morphisin.  In  his  ''Theoretical  Considerations"  on  mica  slate» 
after  explaining  the  strict  Wernerian  view  of  the  aqueous  origin 
of  all  the  primary  rocks,  and  pointing  out  the  improbability  that 
so  many  different  substances  should  crystallize  out  simultaneously 
from  the  same  solution,  he  says: 

"I  am  inclined  therefore,  to  the  theory  which  supposes  that  they 
were  originally  mechanically  deposited  from  water,  like  the  exist- 
ing secondary  and  tertiary  rocks,  and  that  they  have  subsequently 
been  subjected  to  such  a  degi*ee  of  heat  as  enabled  their  materials 
to  enter  into  a  crystalline  arrangement,  without  destroying  their 
structure"  (p.  350). 

In  reference  to  serpentine,  professor  Hitchcock  advances  some 
suggestions  which  were  singularly  in  advance  of  his  time.  He 
speaks  of  prevailing  divergences  of  opinion  as  to  its  nature  and 
origin,  and  decides  to  describe  it  in  connection  with  stratified 
rocks,  though  he  finds  it  occurring  unstratified  as  well  as  stratified. 
He  mentions  the  various  circumstances  of  its  occurrence  and  adds: 

"In  all  cases  (except  perhaps  that  at  Newport)  our  serpentines 
are  associated  with  talc,  either  pure  and  foliated,  or  as  steatite,  or 
chlorite  slate,  or  talc  and  quartz.  The  two  minerals  (talc  and  ser- 
pentine) are  intimately  blended  together,  and  pass  into  one  anoth- 
er by  insensible  gradations,  and  in  all  the  cases  described  by  the 
writers  above  referred  to,  talc  was  present.  Is  it  not  natural  then, 
to  suspect  that  serpentine  is  talc,  or  talc  serpentine,  altered  by 
heat?  And  since  the  talc  is  schistose,  and  the  serpentine 
massive,  the  latter  must  have  been  produced  from  the  former.  .  . 
It  may  be  found  that  serpentine  has  been  produced  from  various 
rocks  which  contained  the  necessary  ingredients.  But  that  heat 
has  been  employed  in  its  production,  cannot,  it  seems  to  me,  be 
reasonably  doubted"  (pp.  372,  373). 

In  some  ''theoretical  considerations"  concerning  gneiss,  he  says: 

''Since  gneiss  is  composed  of  the  same  simple  minerals  as  gran- 
ite, it  is  natural  to  infer  that  both  must  have  had  a  similar  origin. 
And  especially  are  we  led  to  such  a  conclusion,  when  we  see  in 
granitic  gneiss  a  gradual  passage  from  the  one  rock  to  the  other. 
That  granite  has  resulted  from  heat  instead  of  aqueous  deposition 
seems  to  me  to  be  so  well  established  that  the  opinion  that  imputes 
to  it  such  an  origin  ought  no  longer  to  be  regarded  as  hypothesis, 
but  as  legitimate  theory.  .  .  At  present  I  shall  assume  that 
theory  to  be  the  correct  one  which  supposes  granite  to  have  result- 
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ed  from  the  melting  down  of  other  rocks;  the  fused  mass  having 
coohnl  so  slowly  as  to  present  a  confased  crystallization.  It  is  at 
least,  a  probable  supposition,  that  the  rock  oat  of  which  it  w^ 
produced  was  of  mechanical  origin,  and  consequently  stratified. 
Now,  if  the  central  heat  was  not  sufficient  entirely  to  melt  this 
stratitieil  ro.k,  yet  it  would  be  powerfully  affected  a  considerable 
distance  upward  from  the  molten  mass.  The  first  in  immediate 
contact  with  the  melted  portion  would  be  partially  fused,  and  hence 
give  origin  to  granitic  gneiss.  Another  portion  might  be  convert- 
ed into  porphyritic  gneiss;  another,  into  lamellar;  another 
intd  schistose,  etc.  All  the  rock,  we  may  suppose  so  near 
the  iluid  granite,  and  so  long  in  contact  with  it,  before  cooling, 
that  crystalline  would  succeed  to  a  mechanical  arrangement  of  all 
its  ingredients,  without  losing  the  stratified  dispositiou  (p.  400). 

In  discussing  the  history  of  granite,  {professor  Hitchcock  states 
that  he  infers  its  igneous  origin  *'from  the  inclined  position  of  the 
older  stratified  rocks;  from  the  manner  in  which  it  is  intruded 
among  the  stratified  rocks;  from  the  mechanical  effects  which  it 
appears  to  have  exerted  upon  the  stratified  rocks  in  its  immediate 
vicinity;  from  its  chemical  effects  upon  the  surrounding  strata,  and 
from  its  crystalline  structure,  and  the  numerous  crystallizations  of 
other  substances  that  have  taken  place  in  it"  (pp.  509-515). 

1810-1,  The  inversion  of  the  strata  of  the  Appalachian  system 
is  referred  to  again  in  his  Elementary  Geology.*  Speaking  of 
overturned  strata  in  the  Alps,  he  says: 

*'l  have  no  small  reason  to  believe  that  a  similar  folding  and 
overturning  of  the  strata  have  taken  place  on  a  vast  scale  in  the 
United  States.  Along  the  western  part  of  the  Green  and  I  loosac 
mountains  in  New  England,  occur  interstratified  beds  of  gneiss, 
mica  slate,  talcose  slate,  clay  slate,  limestone  and  older  Silurian 
rocks  which  are  either  perpendicular  or  have  a  high  easterly  dip;  and 
yet  tlie  oldest  members  of  the  series  are  found  along  the  eastern  side 
of  this  bolt, and  the  strata  become  newer  and  newer  as  we  go  westerly; 
that  is,  the  oldest  rocks  lie  ai)parently  over  the  newer  ones.  These 
appearances  present  themselves  nearly  the  whole  distance  from  Con- 
necticut river  to  Hudson  river — a  breadth  of  nearly  fifty  miles.*'  He 
then  describes  the  folding,  overturn  and  denudation  which  would  re- 
sult in  the  presont  structure  and  surface  aspects.  "It  appears  further, 
from  the  Geological  Reports  of  Professors  Mather  on  New  York, 
Henry  D.  Ilogers  on  Now  Jersey  and  Pennsylvania,  AVilliam  B. 
Rogers  on  Virginia,  and  Troost  on   Tennessee,  that   these  same 


*ElKimntnr{f  timhuiu.    'Vhv  I'lrfan?  Tr>  tin;  llrsr  edition  is  diiicd  Aii:;ii?.i  1.  l^tO:  ihal'f 
the  third  udltlou.  April,  IM'J.    I  Miiutt*  frinu  the  third.  I^nio..  pp.  xli  liTii. 
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rockB  with  simiUr  invereioa  of  their  dip,  occur  in  all  those  etatee, 
forming  s  considerable  part  of  the  Appalachian  mountainB;  and 
that  in  fact,  they  estend  almost  uninterraptedly  from  Canada  to 
Alabama — a  distance  of  nearly  1200  miles;  and  if  the  above  theory 
of  the  folding  and  inversion  of  this  belt  of  rocks  be  correct  in  the 
latitude  of  Massachnsetts,  it  is  without  doubt,  true  over  this  vast 
extent  of  conntry."* 

The  subject  of  inverted  arrangement  of  the  Appalachian  strata 
was  under  careful  consideration  at  this  time,  by  the  brothers 
Sogers,  as  well  as  by  Dr.  Hitchcock.  The  earliest  enunciation  of 
the  conception  of  an  inverted  fold  had  been  made  by  Dr.  Hitch- 
cock in  1833.  His  conception  however,  was  not  identical  with  that 
of  the  brothers  Rogers.  He  spoke  only  of  a  single  anticlinal,  while 
the  Kogers  brothers  saw  a  succession  of  anticlinala  all  tilted  west- 
ward across  the  main  mass  of  the  Appalachians.  In  an  address 
delivered  in  1841,  he  said:! 

"  There  is  no  small  reason  to  believe,  indeed,  that  on  the  western 
side  of  the  continent,  from  Cape  Horn,  to  the  northern  Arctic 
Ocean,  one  vnst  anliclitiai  cfjr/s  cj-isis,  along  the  crest  of  the 
Andes  and  the  Booky  mountains.  Subordinate  and  perhaps  inter- 
secting systems  of  strata  will  undoubtedly  be  found  along  the  ex- 
tended line,  but  this  appears  to  be  the  grand  coutroUing,  and 
probably  the  most  recent,  uplift  of  the  continent.  .  .  .  The 
Appalachian  range  of  mountains  forms  (mother  nnficJinal  ridge, 
extending  northeasterly  through  New  England,  and  not  improba- 
bly to  Labrador  "  (pp.  264.2(15). 

In  the  Elementary  Geology  before  quoted,  Dr.  Hitchcock  ampli- 
fies his  defense  of  the  metamnrphic  theory  then  recently  intro- 
duced into  geology  by  Ale:(ander  Brongniart.  The  main  points 
stated  are  briefly  these  :  1.  It  shows  why,  amid  so  much  evidence 
of  chemical  agency  in  the  formation  of  tlie  primary  rocks,  there 
is  still  ao  much  proof  of  tbe  operation  of  mechanical  agencies.  2. 
It  shows  why  silicates  preilomiuated  in  the  earlier  periods  of  the 
frlobe,  and  why  limestone  and  carbon  were  more  abnudant  at  the 
later  periods.  3.  It  explains  tbe  absence  of  organic  remains  in 
the  primary  stratified  rocks.  4.  It  explains,  too,  the  reason  why 
carbon  is  much  less  abundant  in  the  older  than  in  the  newer  rocks. 
5.  It  explains  the  imperceptible  graduation  of  gneiss  into 
granite"  (pp.  259-61). 

*EUaitidarii  ainbifiy.  \t\>.  'Si.  :.7.  TLic  sub.lLi:)  Is  iit»i>  liiki'ii  uii  In  lil'*  AoiilviTSUi'y  A<1- 
diciw  <cilcd  bt-luiT,)  p.  3ii>. 

tFInt  AnnlvRrsiiry  Ar](liv>-  lli'fon-  Tlit;  A>^snolMU.iii  nf  Aiiicrk'iiii  UiiilciRiXH  Ht  their 
Bcooiid  AiMiunI  Mci-tlMK  In  J*lillu(1i'lplil:i.  .Vprll  ».  Ml.    Amei:  J'lar.  Sri.,  viil.  xll.  pp. 
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In  the  Anniversary  Address  from  which  I   have  quoted,  Dr. 
Hitchcock  considers  briefly  the  origin  of  dolomytes  : 

"As  to  that  portion  of  this  field  [of  dolomite  and  dolomitic 
limestones  J  which  has  fallen  under  my  observation,  I  find  that  with 
one  or  two  unimportant  excaptions,  all  the  cases  of  dolomitized 
limestone  occur  either  in  the  vicinity  of  a  fault  or  of  unstratified 
rocks,  or  of  the  oldest  gneiss.  The  pure  dolomite  is  usually  foand 
where  there  is  reason  to  believe  extensive  dislocations  of  the  strata 
occur ;  and  the  marks  of  stratification  in  the  limestone  disappear 
nearly  in  proportion  to  the  amount  of  magnesia  which  it  contains, 
so  that  the  pure  dolomite  shows  scarcely  any  traces  of  it  I  doabt 
not  that  similar  conclusions  will  follow  an  examination  of  other 
parts  of  this  deposit,  so  remarkably  uniform  in  the  geology  of  this 
continent ;  —  and  moreover,  these  conclusions  correspond  to  the 
history  of  dolomitization  in  Europe.  They  seem  to  render  proba- 
ble the  theory  of  sublimation  from  the  interior  of  the  earth."* 

lf>r}9.  In  the  Final  Ileport  of  the  Geology  of  Vermont,T  Dr. 
Hitchcock,  who  assumed  the  responsibility,  as  he  tells  us,  though 
most  of  the  field  work  was  done  by  others,  takes  up  early  in  the  re- 
port, the  subjectof  '*The  Metamorphism  of  Bocks"  ( p.  22).  In  the 
following  language  he  sets  forth  his  general  conception  of  the 
vwdus  operandi  of  hypogeal  metamorphism. 

**If  the  globe  was  once  in  a  molten  state,  the  crust  which  first 
formed  over  its  surface  must  have  been  some  kind  of  unstratified 
rock.  When  it  became  coal  enough  to  allow  water  to  condense  on 
the  surface  and  form  oceans,  the  waves  would  wear  away  portions 
of  the  rock,  and  deposit  the  fragments  in  the  form  of  gravel,  sand 
and  clays.  These  by  the  action  of  internal  heat  might  be  hard- 
ened, and  become  conglomerates,  sandstones  and  shales.  If  new 
beds  of  materials  should  be  thrown  upon  these  strata  it  would  cause 
the  internal  heat  to  penetrate  further  upward  into  the  conglomer- 
ates, sandstones  and  shales,  and,  by  the  help  of  water,  render  the 
rocks  plastic  and  convert  them  from  mechanical  into  crystalline 
rocks,  without  destroying  the  planes  of  stratification,  though  gen- 
erally obliterating  all  traces  of  organic  structures  which  they  might 
have  contained,  and  changing  the  laminated  structure  into  foliation 
and  cleavage.  After  all  this,  water  may  have  acted  mechanicallj 
on  these  strata,  wearing  them  away,  and  forming  other  deposits  of 
puddingstones,  sandstones  and  shales.      Meanwhile  also,  the  inter- 

*AiPi<'r.  Jnnr.  St'i..  xli.  '.MO. 

+/»'r/M.;7  (iM  tUr  iiioltMfu  of  Vrniunit.  Drscriptivr,  ThonxticoLEcnnomiral  awi  Scrnt^ijrxii^iC'i^- 
Hy  Kdwurd  Illtrlu-nck.  Edward  IMlchcock,  .Ir.,  Albert  1).  Hapor.  CharU'sll.  HIU'ho«xt- 
*Jvols.4t»>.  Clarrmuiii.  N.  II..  iMll.  Tlie  preface  is  wrltl^Jii  by  Dr.  E.  HItohi.MK'k.  and 
dated  iK'\ .  1.  Ikva  and  Oct.  'J.  18<in. 
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ubI  heat  working  farther  apward,  as  it  certainly  woald  by  the  acca- 
mnlation  oE  new  beds  of  detritus,  might  melt  over  the  lower  beds 
of  the  strata,  conrertiag  them  into  aastratified  rock.  And  thus 
might  the  same  materials  have  been  subject  to  repeated  and  most 
thorough  metamorphosis"  (p.  2'2), 

The  writer  then  proceeds  to  an  account  of  the  "agents  of  meta- 
morphism,"  heat  and  water,  recalling  the  well  known  results  of 
experiments  and  reasoning,  and  treats  with  considerable  detail  the 
evidences  of  "a  former  plastic  condition  of  tte  rocks".  He  cites 
numerous  observations,  showing  that  rocks  and  rook-con- 
stituents moat  have  bien  reduced  to  a  plastic  or  semi-plastic 
condition,  sabseqaent  to  their  original  consolidation,  and  so 
continued  for  a  great  length  of  time",  In  this  connection  he  cites 
numerous  instances  of  pebbles  which  have  been  elongated  and 
flattened — some  even  at  length  being  "converted  into  the  silicions 
folia  of  schists,  and  the  cement  into  mica,  talc  and  feldspar".  He 
refers  to  the  pebbles  near  Newport,  Rhode  Island;  others  at  inter- 
vale along  the  western  side  of  the  Green  mountains,  and  especially 
a  locality  in  Plymouth,  Vermont,  where  pebbles  occur  under  such 
forms  as  to  indicate  a  state  of  plasticity.  In  Wallingford  the  beds 
of  ooDglomerate  thus  altered  alternate  with  beds  of  talcose  and 
mica  schist  (pp.  28-38,  476).  Home  of  the  facts  point  toward  the 
inference  that  schists  and  gneisses  even  may  have  originated  from 
the  extreme  flattening  and  elongation  of  the  pebbles  of  an  original 
conglomerate,  though  as  a  fact,  pebbles  had  not  at  tliat  date  been 
found  actually  occurring  in  gneiss.  Dr.  Hitchcock  expects  that 
such  views  woald  "be  pronounced  preposterous  by  able  geologists*". 
In  a  syenitic  rock,  however,  found  in  Vermont  and  Massachusetts, 
nndonbted  pebbles  had  been  observed.  Other  facts  have  been 
noted  by  the  writfr:  See,  Conglomerates  enclosed  in  Crneissic 
Terranes,  Avier.  Grologist,  iii.  153-105;  25fJ-261;  Sixteenth  Ann. 
Sep.,  Minn.  pp.  213-222,  334.     He  says: 

"We  define  this  rock  as  a  conglomerate  with  a  cement  of  syenite 
or  granite,  or  as  a  syenite  or  granite  with  pebbles  in  it,  sometimes 
thickly  and  sometimes  sparsely  disseminated".  .  .  .  "These  facts 
certainly  give  great  plausibility  to  the  view  which  supposes  granite 
and  syenite  to  be  often  the  result  of  the  metamorphosis  of  strati- 
fied rocks"  (pp.  40.  41;  ii,  565,  566.*) 

In  connection  with  the  discussion  of  metamorphism  the  writer 

•Dr.  IIIb:hc<><.'k':i<>xiio<.-tiitl.>ti  lias  fiintiil  fuiailnii.m  In  tlie  illswiit.  rc-onluil  bj  Dr.  M. 
E.  WadHWorth    UMli.  Miit.  C'lniji.  Z.-J.,  Oiirtiig.  SitIi'm,  1;  U.  H.  I.yiimn,  Prae.  Amcr. 
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remiDds  us  of  an  inference  which  is  too  obvioas  to  have  fallen  into 
such  general  forgetfalness.     He  says: 

"Metamorphism  shows  us  that  the  earliest  formed  rocks  on  the 
globe  may  have  all  disappeared.  None  of  the  first  formed  crost 
may  remain.  Or,  if  any  of  it  is  left,  it  would  be  impossible  to  dis- 
tinguish it  from  subsequent  formations.  So  that  the  idea  of  a 
primary  gianite  or  any  other  rock,  in  the  strict  sense  of  the  term, 
has  no  foundation  in  nature''  (p.  47.) 

In  close  connection  with  this  subject,  we  cite  some  passages  from 
another  chapter,  touching  the  nature  of  foliation.  Speaking  of  the 
gneissic  rocks  of  Vermont,  he  says:  "In  certain  districts  the 
strata  are  exceedingly  contorted,  and  the  average  dip  and  strike 
are  the  ones  that  we  recorded.  There  is  not  a  square  mile  of  this 
rock  in  the  State  where  there  are  not  more  or  less  of  these  irregu- 
larities. In  a  few  instances,  the  difiiculty  of  ascertaining  the  true 
position  is  so  great  that  we  have  not  attempted  it" 

After  illustrating  a  striking  particular  instance  of  these  contor- 
tions, he  concludes: 

"This  state  of  things  suggests  two  important  topics:  First,  ^o 
not  these  contortions  prove  that  the  layers  that  have  suffered  this 
twisting  are  the  strata,  and  not  the  bedding  of  cleavage  or  folia- 
tion? For  the  beds  between  cleavage  planes  are  rarely  contorted. 
The  strata  may  be  contorted  while  the  cleavage  planes  cross  them 
with  perfect  regularity.  In  fact,  the  cleavage  does  not  appear  to 
have  been  produced  until  the  strata  had  been  quietly  settled  into 
their  present  positions,  as  a  general  thing."  The  second  topic  re- 
lates to  the  effect  of  contortion  on  calculation  of  thickness  of  ter- 
ranes*. 

Speaking  of  the  position  of  the  "red  sandrock"  of  northern  Ver- 
mont," regarded  by  Emmous  as  belonging  to  the  age  of  the  Pots- 
dam and  Calciferous,  Dr.  Hitchcock  says: 

"Without  an  exception,  it  rests  upon  the  Hudson  Biver  group. 
The  stratigraphical  evidence  goes  to  show  that  the  red  sandrock 
is  of  the  age  of  the  Medina  sandstone  or  Oneida  conglomerate. 
This  was  the  original  view  of  Dr.Emmons,  and  has  since  been  sus- 
tained by  Professors  C.  B.  Adams,  W.  B.  Bogersf  and  W.  K 
Logan.  It  is  certainly  an  objection  to  this  view  that  the  charac- 
teristic fucoid,  Arthrophycfis  HarUmi,  of  the  Medina  sandstone 


•Cjoi>l«»>ry  nf  VrriiiDMi.  p.  r>is. 
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{ihul.  17. .  p.  '.tins.)  This  vii;w  of  Dr.  Hitchcock,  he  stulus  later  In  his  Ueport,  (p.  435;  "hu 
DOW  been  chunKed." 
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has  never  been  found  in  it."  (p.  340.)     Compare  A.   D.  Hager's 
description  of  "Red  Sandrock  mountains,"  (ii,  875.) 

In  reference  to  the  "(Juartz  rock"  of  the  older  geologists — the 
"Granular  quartz,"  of  Emmons,  the  "Potsdam  sandstone"  of  the 
brothers  Sogers,  of  Hall  and  later  geologists,  Dr.  Hitchcock  pres- 
ents no  facts  decisive  of  the  question  of  its  position.  As  to  the 
"Georgia  slate"— the  **Black  slate"  and  "Taconic  slate"  of  Emmons 
— the  "Hudson  lliver  group"  of  Hall — the  "upper  part  of  the  Hud- 
son River  group,  or  a  distinct  group  above  the  Hudson  River 
group"  on  the  authority  of  Sir  William  Logan — a  "primordial" 
terrane,  as  determined  by  Barrande — Dr.  Hitchcock  has  no  de- 
cisive facts  to  offer.  He  recites  the  principal  data  touching  the 
lithological  and  stratigraphic  characters  of  the  group,  aud  ac- 
quiesces in  the  verdict  then  recently  rendered  by  Hall  and  Logan 
in  reference  to  the  geologic  age,  expressly  disagreeing  with 
Emmons  in  regard  to  any  unconformity  between  the  "Georgia, 
slates"  and  the  "red  sandrock." 

The  "Stockbridge  limestone"  of  Emmons,  Adams  and  Thompson 
is  christened  "Eolian  limestone"  (from  Mt.  Eolus,  or  Dorset 
mountain).  This  is  the  "Granular  limestone"  of  Dewey,  and  "met- 
amorphic  Trenton  limestone"  of  Rogers,  Logan  and  Hunt.  The 
"Sparry  limestone"  of  Emmons  is  included  in  it.  As  to  their  geo- 
logical position,  Dr.  Hitchcock  says:  "We  incline  to  the  opinion 
that  they  must  probably  be  placed  as  high  as  that  [the  Corniferous] 
formation,  or  as  low  as  the  Lower  Silurian,  to  which  last  position 
Mr.  T.  S.  Hunt  assigns  them.  Either  xx)sition  abounds  with  diffi- 
culties, and  we  are  hardly  prepared  to  choose  between  them,"  (p. 
421).  He  has  changed  his  view  in  reference  to  dolomitization.  He 
says: 

"The  old  notions  that  it  has  been  done  by  igneous  fusion,  or  by 
the  sublimation  of  carbonate  of  magnesia  do  not  all  satisfy  the 
facts  as  we  now  understand  them,"  (p.  424).  He  then  quotes  from 
Bischof  to  the  effect  that  dolomytes  can  only  be  regarded  as  a  pro- 
duct of  the  alteration  of  limestone  in  the  wet  way  (p.  424). 

The  "Magnesian  slate"  of  Dr.  Emmons,  and  of  Adams  and 
Thompson,  is  described  by  Dr.  Hitchcock  under  "Talcoid  schists," 
because  analysis  shows  that  they  are  essentially  aluminous  (p.  425). 
He  regards  them  as  probably  newer  than  the  Eolian  limestone  (p. 
433). 

The  theory  of  the  metamorphic  origin  of  granites  gains  strength 
in  the  mind  of  the  author,  and  he  returns  to  it  with  new  thoughts 
and  new  supports.     He  points  out  the  improbable  assumptions  of 
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the  thoory  of  inolton  granitic  protrusious,  save  in  an  exceptional 
way,  (ii.  pp.  572,  57*^),  and  enforces  the  argameats  for  aqaeo-ip:Qe- 
ous  fusion  of  pre-existing  rocks  as  the  most  probable  origin  of 
granites  (ii.,  574-1)).  He  maintains,  1.  The  accepted  theory  of 
igneo-a<iuoous  softening  for  recognized  schistose  rocks  Uleeils  only 
an  extension  in  tlio  same  direction,  to  apply  to  granitic  rocks.  2. 
The  order  of  solidification  of  the  exmstituents  of  granite  has  not 
been  that  which  wdiild  liave  been  followed  in  a  case  of  cooling  from 
a  state  of  fusion,  o.  The  existence  of  hydrated  simple  minerals. 
or  of  such  as  must  have  been  formed  in  the  wet  way,  or  of  saclias 
would  undergo  partial  or  entire  ilecomposition,  even  at  a  reil  heat, 
is  an  evitli»noe  favoring  the  igneo  aqueous  theory.  4.  The  charac- 
ter of  thin  tortuous  granitic  veins,  instead  of  evincing  molten  llaid- 
ity,  si»oms  more  probably  to  have  resulted  from  a  state  of  solution 
or  softening  in  alkalinp  thermal  waters. 

])r.  Hitchcock  never  made  an  explicit  record  of  his  views  iu  re- 
fereneo  to  the  tenaliility  of  the  Taconic  system  as  a  whole.  Heop- 
poseil  the  earlier  viows  of  Knimons  in  reference  to  a  non-inversioa  of 
the  strata  in  \vest;?rn  Massachusetts — though  at  one  time  waverinjj 
on  that  subject-  and  is  commonly  ranked  with  the  brothers  Rogers 
as  an  opponent  c»f  Emmons'  claims.  But  Hitchcock's  copception 
of  the  assumed  overturn  was  iliiTerent  from  that  of  the  brothers 
lingers;  and  Eninions  yielded  at  last,  to  the  evidence  of  a  /f»'''/V' 
overturn.  In  refiM'tMiee  to  the  position  of  the  "red  sandrook"  at 
niglii^at(^  and  elscwlien*.  Hitchcock  in  the  earlier  portion  of  hi? 
TcTinont  rejiort,  deferred  to  the  p.)sitive  opinion  of  W.  13.  lloiiers*, 
ami  in  this  respect  was  again  at  variance  with  Kminons.  who  held 

it  to  lit*  in  the  position  of  the  Potsdam  sandstone  ami  the  C'dcifer- 
ous  sandroi'k!-.  As  t^  the  (Je»u*gia  slates,  which  the  maji>rity  of 
Ami*rii*an  uiv^loLrists  had  pronounced  equivalents  of  the  Hudson 
lliviu*  serie-^,  or  newer,  Ih:  Hitchcock  appears  linally  to  waver.  He 
quotes  the  ehauj^^^d  o})inious  of  Logan,  and  the  positive  assertions 
of  r»:iirinidt\  as  well  as  Hall's  explanations  of  his  positions,  and  as 
to  hiiMs.'lf,  eont'ossrs  that  he  no  longer  takes  sides-though  ap- 
parently he  a.linils.  with  Logan,  that  the  Point  L«'vis  rv)ck3  are 
subonllnate  to  the  Potsdam,  instead  of  near  the  middle  Silurian. 
r»ut  on  still  later  paiiesl;.  he  compiles  a  resume  of  the  Taconic  sys- 
tem, .-iyiiiu'.  "We  >hill  use  the  terms  which  are  employed  by  Prof. 
I',mni.>!i-i,  ;iiid  .^hill  r-ndeavor  to  represent  his  ideas  as  iln'ji  (\n 
l'U'-':s' '   '.  as  faithfully  as  though  we  were  the  amanuensis  of  an 

;'      .    I   .       .1--      .   V      .'  ;. .  >"•:. 
1  '  ■;•       "  •••■ 
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advocate  of  the  Taconic  Bystem."  This  epitome,  therefore,  is  aot 
compiled  in  a  controversial  spirit.  Moreover,  it  soon  becomes 
manifeat  that  somn  of  the  reasoning  is  Dr.  Hitchcock's  owd;  that 
is,  be  assames  the  character  of  a  friend  iind  advocate.  He  con- 
cludes with  a  statement  of  "presumptions  in  favor  of  the  Taconic 
system":  "1.  Its  similarity  to  the  CambriBD  system  in  Europe. ' 
From  this  is  deduced,  "2.  A  presumption  tliat  the  old  doctrine  of 
the  Lanreutian  age  of  the  New  Eogland  azoic  rocks  is  correct." 
"3.  The  Tncouio  rocks  are  physically  unlike  the  Lower  Silurian." 
"4,  The  Taconic  system  underlies  the  Lower  Silurian."  "5.  The 
thicknesses  of  the  Taoouic  and  Lcwer  Silurian  rocks  do  not  agree." 
"6.  The  organic  remains  of  the  Taconic  and  Lower  Silurian  rocks 
are  entirely  different  from  one  another." 

IIESKY  D.  HOfiEns, 

ISIJ.  In  their  classic  memoir  "On  the  Physical  Structure  of 
the  Appalachian  Chain,""  the  brothers  liogers  say: 

"At  an  early  period  in  the  giiological  surveysof  New  •lersey  and 
Virginia,  we  wore  struck  with  the  great  prevalence  of  the  south- 
eaateruly  dip  of  the  strata,  throughout  the  portions  of  the  Appa- 
lachian chain  traversing  tliose  statics,  and  rL'cogni^ted  its  depend- 
ence on  the  oblique  or  inverted  folding  of  the  strata.  This  will 
appear  fi"om  the  descriptions  we  have  givt^n  in  our  ATinual  Reports 
for  1S37  to  1S;>9.  Tiie  important  general  law  of  the  greater  steep- 
ness of  the  dip  on  the  northwestern  than  on  the  sontheasteru  sides 
of  the  anticlinal  axes,  became  known  to  ns  nt  the  same  stage  of  our 
inquiries  and  was  first  aininuncod  in  the  Final  ileport  on  the 
geology  of  New  Jersey,  written  in  1830,  and  published  early  in  the 
spring  of  1840"  (p.  481). 

Another  anonncoment  of  these  views  was  made  to  the  American 
Philosophical  Society  in  January,  1841.  f 

After  adverting  to  tho  stateiuonts  of  previous  writers  that  all 
the  strata  between  the  Hoosac  mountain  |  Massachusetts]  aud  the 
Hudson  river  lie  in  an  inverted  order,  drawings  were  exhibited, 
pi-oving  the  esisteneo  of  numerous  closely  foldeil  auticlinal  and 
synclinal  axes;  and  the  inference  was  drawn  that  the  inverted  dip 
of  the  rocks  is  a  result  of  a  folding  of  the  beds  at  short  interval, 
and  not  of  one  general  turning  over  of  the  whole  series,  ns  sug- 
gested by  professor  Hitchcock.  Subterranean  igneous  action  was 
referred  to  as  having  caused  this  compression  and  folding  of  the 
rocks,  and  its  energy  was  shown  to  have  been  greatest   along  the 

•TmHtartkiiii  oflln:  .WtH-uili'm  "/.liitTi.-K"  I /r..). ..((»»»  iitiil  .VhIhiiiJW,.,  IHIO,  IMIiiiiil  1S42 
pp.  4T4-SI1. 
♦Proe.  AiNcr.  I'hII.  .■tur,.  Juu.  ].  IHI. 
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Berkshire  valley,  aud  the  ridges  lying  to  the  east.  To  the  same 
agency  was  attributed  the  crystalline  condition  of  the  Berkshire 
marble  and  of  the  associated  schists  and  semi-vitrified  quartz 
rock  the  first  being  regarded  as  merely  the  blue  limestone  of  the 
Hudson  valley,  extensively  altered,  and  the  last,  a  highly  altered 
form  of  the  white  sandstone  at  the  base  of  the  Appalachian  forma- 
tions (p.  482). 

Speaking  of  the  character  of  the  flexures  in  the  Hudson  Eiver 
division,  they  bay: 

"In  this  belt  the  flexures  are,  for  the  most  part,  of  the  closely 
folded  type,  and  the  dip  is  almost  invariably  toward  the  southeast" 
the  comi)ressed  and  oblique  plication  of  the  beds  extending  equally 
to  the  hypogene  or  primary  rocks  of  the  mountains  bounding  the 
valley  in  tlie  t^ast,  and  to  the  lower  formations  of  the  Appalachian 
system  which  occupy  the  valley  itself"  (p.  -186). 

"A  feature  of  frequent  occurrence  in  certain  portions  of  the 
Appalachian  belt,  is  the  passage  of  an  inverted  flexure  into  a  faulf 
(p.  49 i).  "It  is  an  interesting  general  fact  that  the  space  between 
the  axes,  or,  more  properly,  tlie  amplitude  of  the  undulations, 
increases  as  we  cross  the  chain  northwestward"  ( p.  507).  • 

iS://.  These  views  have  a  bearing  on  the  interpretation  of  the 
structure  occurring  on  the  east  of  the  Hudson  river,  within  the 
geograpiiical  liInit^'  of  the  Taconic  system.  In  the  light  of  them, 
professor  H.  1).  llogers  used  the  following  la.iguage  in  reference 
to  the  prDposal  of  Emmons.* 

"The  fixing  of  a  base  for  the  Paheozoic  rocks  of  the  United  States 
is  a  problem  scarcely  less  difficult  than  that  of  determining  the 
lower  limit  of  the  corresponding  system  of  England,  to  which  the 
admirable  sagacity  of  Sedgwick  has  been  so  usefully  directed.  Do 
we  pcissess.  in  the  so-called  Taconic  system  of  rocks  lying  to  the 
southeast  of  tlio  unequivocally  fossiliferous  strata  at  the  base  of 
the  Now  York  or  Appalachian  system,  an  independent  mass  of 
ftnmntioiis  of  an  uncpiestionably  earlier  date,  or  are  these,  on  the 
other  hand,  but  well  known  lower  Appalachian  strata  disguised  by 
some  change  of  mineral  type  and  by  igneous  metamorphosis? 
Tlieso  TacDuic  rocks,  under  the  form  they  assume  along  the  east- 
ern bounilarv  <»f  New  York  and  the  western  side  of  Vermont  ami 
Massachusetts,  have  been  carefully  studied  by  Emmons,  Hitch- 
cock and  Mather;  all  of  whom  appear  to  have  arrived  at  different 
conclusions  concerning  them.T    .  .  .    Professor  Emmons  considers 

•.l/;i.;-.  J>--:  .  .<■•'.  \',\']i.  V^*.  Oct..  I>i4. 

*]'?'i"i—<Mr  M.iili«-i"-<  O'Mii-lij-iniis  :iri- einbtKlivd  in  tht*  prrfaoe  tn  t)u'  r»'p«iri  on  tbe 
(.i.i'iu/i, ..'  t),.  /•'<■/ s?  /*/>o,r/ 1.'  y,ir  Vi/tu.  IM^l.  p.  vili.    lU'ferrliifr  to  the  vkw<of  the  pro- 
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the  granular  quartz,  slate  and  limestone  of  the  Taoonic  bills  and 
the  Stockbridge  valley  as  constituting  a  distinct  group  of  strata. 
.  .  .  His  principal  argument  in  defense  of  this  view  is,  that  the 
order  of  succession  of  the  component  members  of  the  group  is 
essentially  different  from  that  witnessed  in  the  sandstone,  lime- 
stone and  slate  of  the  Champlain  division,  and  he  denies  that  the 
theory  of  plication  of  the  beds,  advanced  originally  by  myself  and 
my  brother,  and  applied  to  this  very  region,  can  reconcile  the 
seeming  want  of  agreement.  Now  it  is  true  that  the  apparent 
order  of  superposition  in  the  Taconic  belt  is  in  discrepancy  with 
the  well  known  succession  of  the  Champlain  formations,  but  this 
is  precisely  what  should  arise  from  the  introduction  of  those  com- 
plete folds  or  doublings  together  of  the  strata  which  we  have  con- 
ceived to  exist;  and  I  would  add  that  the  sections  furnished  by 
professor  Emmons  and  professor  Mather  in  their  reports,  if  re- 
solved by  the  introduction  of  the  flexures  supposed  by  us,  will  all 
of  them  display,  for  their  western  portions  at  least,  the  normal 
order  of  superposition  of  the  Champlain  rocks.  This  identity  of 
the  so-named  Taconic  System  with  the  formations  of  the  Hudson 
and  Champlain  valley  was  announced  by  my  brother  and  myself, 
in  the  beginning  of  1841,  to  the  American  Philosophical  Society. 
By  the  aid  of  a  section  from  Stockbridge  towards  the  Hudson 
river,  we  showed  the  existence  of  numerous  close  anticlinal  folds, 
and  thus  explained  the  aj^parent  inversion  of  the  dip,  which  other 
geologists  had  ascribed  to  one  general  overturning  of  the  whole 
series.  The  plication  was  shown  to  be  greater  aloug  the  Berkshire 
valley  and  the  ridges  west;  the  granular  Berkshire  marble  was 
identified  with  the  blue  limestone  of  the  Hudson  valley,  but  meta- 
morphosed by  heat,  and  the  associate  micaceous,  talcoso  and  other 
schists  were  referred,  in  the  language  of  the  communication,  to 
the  slates  of  the  formation  of  the  Appalachian  system;  while  the 

fesjMir**  Itoir<M'?'.  In*  «j:i\  -*:  '"I  i*i»iii"iir  v\  il  li  l  linn  in  i  lii-«  opinion.  M\  m\vm  i>!«-i'rvai  •mi-  nii 
tbc.M*  I'licks  iri'Mn  till'  IliHis.K-  niniini.-iin  in  the  II  imNoii'  iiii«l  tliooi*  nf  1 1n-  lluiUiin  \  :illi*y. 
condtn'lril  wilh  TiiiH'li  <'ar«- t  lii''>ii.:lniiit  tlnir  wlii'Ii-  rMi-nt.  in  N«'\\  Voi  U.  ami  in  Vfi- 
Dioiil  flFnI  M!i«»sai'hiiM'll«*.  t  linui/h  a  >»Mii"»i»r  yi'ai>».  Iiavr  li'tl  nn-  id  i  Ih>  rdnchixinn  (hat 
tlu»yjir<.*  im'tarnor])hi«',  and  'if  llira.:«'  nf  tln»  ('liaMiplaln  <li\  i«i<>n:  iliut  i  li«\v  arr  tin* 
alti-'iH.Ml  U>ii«*-t'nH— .  .-.iatt-i  ami  ■>an'l«^inin<  nf  tliat  diviximi  ,  .  .  Tin*  \vliit»'  liriin-t«in»' 
ccintuiiiiii;^  |)lunil»a'.ro  and  v;ii  i«Mi-«  ••ry-talJiznl  niincial-  i-  anoi Iht  |M»iin  «»n  w  ln«*li  IImti' 
un.' vari«ui«s  \  it'NV*..  I  havi-  «'«»ni«' in  ih«' iMin.'IsiMinn  ilial  li  i- nH-ianinri.liii-.  but  in  imtro 
hf;;hly  in«'laniiu-phii'  *.tat«'  t  han  i  In-  iIiiImiiiIi  ic  liiii(-t<inc<  nf  tin-  Tai'diiir  i«i' K>." 

CliaptiM'  vil.,  ImwiViT 'pp.  J".*.'-4.>'.  i^  lii-vntiMl  in  t  In*  •■'rar.iiii<'  S\ -{iMa".  IliM.atllio 
end.  |)r«)f«"»««tir  Msiilioi- n'lnatU'^:  "It  will  Iw  iilkM-r\ril  hy  llmx-  wlioliavr  rra<l  ihr  pr«'- 
cedlii^  diMaU>  in  rt-zanl  in  the  ('lianiplain  DivisMin  aii<l  l  In- Ta<.'oni<'  Sv-Iimh.  iliai  ilioy 
VLTii  c"nii«»iili.'r«*il  tn  1m«  i1h>  -^aim*  im-U-.  tin-  latu-r  "innu'whai  iiMMlilurl  in  flia  ra«-l»'r  by 
nietniiiorpliu'  a^rcnry"  ip.  4:t"'i. 

In  tilt'  fliaptcrmi  Mi'tann)»'plji<'  ItncU-.  In«  n.-ivn:  "In  •h'^rribiu^' tin*  Ta«"nnii' nH'U> 
separatt'ly.  I  liavt"  yi<»ldtMl  In  tin*  njiininn  nf  >«niiii>  nf  win  <'<ilU"airii»"*  wlm  havr  <'nn-id- 
crt'd  tliuiti  as  intci-po'^iMl  lu'twn'ii  tin*  chaniplaln  Dlvi'^lnn  and  ilic  I'rimary.  loan 
dlscovor  no  evhii'iHM.' nf  any -"tH'li  inUTpo^ii  inn  .   .  .  "ip.  U". 
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semi-vitreous  quartz  rock  of  the  western  part  of  the  Hoosac  moun- 
tains was  stated  to  be  nothing  else  than  tlie  white  sandstone  (Pots- 
dam sandstone)  of  the  same  series  slightly  altered.  .  .  .  It  is  true 
Professor  Emmons  has  presented  in  his  report,  a  series  of  sections 
of  the  strata  exhibiting  an  unconformity  at  the  passage  of  his 
Taconic  into  the  rocks  of  the  Ohamplain  division,  but  I  must  take 
the  liberty  of  expressing  my  disbelief  of  the  existence  of  any  such 
unconformity,  and  of  observing  that,  in  the  prolongation  south- 
westward  of  this  altered  and  plicated  belt,  as  far  as  the  termination 
of  the  Bine  Ridge  in  (ileorgia,  a  distance  of  one  thousand  miles,  no 
interruption  of  the  general  conformity  of  the  strata  has  ever  met 
the  obseivation  of  my  brother  or  myself." 

'*  It  would  appear  thus,  that  the  Potsdam  sandstone  forms 
the  base  of  the  Pahcozoic  strata  in  the  latitude  of  lake  Champlain, 
or  at  least  in  the  region  of  the  lake  and  the  Mohawk  river"  (pp. 
151-152). 

Professor  llogers  adds  some  suggestions  which  in  the  light  of 
later  pahrontological  developments,  must  be  regarded  prophetic. 

**  Is  this  formation,  then,  the  lowest  limit  of  our  Appalachian 
Palaeozoic  masses  generally,  or  is  the  system  expanded  downwanis 
in  other  districts  by  the  introduction  beneath,  of  other  conforma- 
ble sedimentary  rocks  ?  From  the  Susquehannah  river  southwest- 
ward,  a  much  more  complex  series  of  strata  comes  in  below  the 
bottom  of  the  lowest  limestone,  than  is  anywhere  seen  northeast 
of  the  Schuylkill.  In  some  portions  of  the  Blue  Ridge  belt  there 
are  at  least  four  independent,  and  often  very  thick  deposits  consti- 
tuting one  general  group,  in  which  the  Potsdam,  a  white  sandstone, 
is  the  second  in  descending  order.  The  uppermost  of  these  is  an 
arenaceous  and  ferriferous  slate,  many  hundred  feet  thick,  in  which 
the  only  fossil  is  a  i^eculiar  fucoid.  Beneath  this  lies  the  Potsiiam 
sandstone,  and  under  this  again,  a  mass  of  coarse  sandy  slate  and 
ilaggy  sandstone,  amountinji  sometimes  to  six  or  seven  hundred 
feet,  below  which  cccurs  in  Virginia  and  East  Tennessee,*  a  series 
of  heterogeneous  conglomerates.  Neither  of  the  two  lowest  of 
these  masses  has  yet  rewarded  research  with  a  single  fossil"  (p. 
152)^ 

*  rinfr>.siii  S;itlnnl  in  hi- :i(liuir:il»k' iliiTi'st  of  Xhv  trnth>{ju  nj  TniUffSMti"  (pp.  I.M.  I-V 
1*»2)  tli-t'iiluMl  iln'  l\>i-4l:iiM  ^riiMip  as  I'miiposi'il  of:  '2('.  Tlit*  Kiiux  ^ii-iMip  tif  Shai"'* 
l)<»lMiiiiti'- ami  i.itm'<l<iin-^  ;  x»/).  TIk*  OiiDiowoo  Saiiilsioiio  (PotMlaiii  prupi-r:-  -■«.  Thf 
Or<KT  (.'oimloiiit'iarr  aiii]  Slatt'**  » I'uznitM.  Hclow  llu'sc  an.*  tin*  iiictatuur]ilii>'  pkI*. 
l^iuMN^.  inica  slatf.  -iviMiiti-  aiul  cliloritii*  slatt's.  l)r.  Ssiff«irU  says  :  "Tin"  iiu»t:nnori;:iii' 
Ik-iN  t«i;.M-t  Iut  w  ii  li  tln»-t'of  otluM"  trr«iVipH  that  an*  adjamit  or  iifiulilioriii?.  all  api"':** 
to  fiilh>\v  Ihr  >atiir  law  of  dip  and  •strike.  Thi*  dip  is.  in  llu>  inaiii.  at  a  hl^li  nnz\^ 
to  tin'  >outh»'a-.i.  .  .  .  'I'Ih.'V  all  appaivntly  lu'loii>r  to  thi*  saim*  syMt-iu  of  uplifii^* 
als.  .  .  .  Willi  loft'ivin-e  to  aj;o,  I  havi*  no  rt'ason  for  iK'lii.'viuir  tiial  tlu*  ^:nv:p 
witliin  Tt'niu'xt'f  includi's  tlic  iiictaiiiorphoMnl  IkhIs  of  any  fornuitiou  of  morfni"*"' 
date  tlian  xhv  LK-oim"  I'onjrlonu'rate  and  siialos'*  (p.  177). 
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"Adjoining  this  great  mass  of  arenaceous  strata  toward  the 
Bontheast  we  find  throughout  much  of  the  broad  belt  of  the  Blue 
Bidge,  especially  in  its  prolongation  southwestward  from  the  Po- 
tomac, a  wide  expansion  of  metamorphic  strata  intersected  by  in- 
numerable veins  and  dykes  of  greenstone  and  other  igneous  ma- 
terials, and  displaying  almost  every  grade  and  variety  of  alterna- 
tion in  texture  and  mineral  contents.  These,  after  long  and  care- 
ful observation,  we  have  been  led  to  consider  as  a  group  of  sedi- 
mentary beds,  still  older  than  the  preceding,  but  forming  a  part  of 
one  and  the  same  unbroken  series.  Thus,  then,  in  the  great  group 
of  strata  at  the  base  of  our  lowest  fossil  if  erous  series,  we  are  pre- 
sented with  similar  and  perhaps  more  striking  results  of  igneous 
modifying  powers  than  even  in  that  portion  of  the  Champlain  sys- 
tem whose  metamorphosed  rocks  constitute  the  Tacouic  group. 
.  .  .  Kespecting  the  phenomena  presented  in  the  long  belt  of 
rocks  here  referred  to,  the  question  suggests  itself  whether  the  so- 
called  Taconic  system  instead  of  belonging  exclusively  to  the 
Champlain  division,  may  not,  along  with  the  western  border  of 
Vermont  and  Massachusetts,  include  also,  some  of  the  sandy  and 
slaty  strata  here  spoken  of  as  lying  beneath  the  Fotsdam  sand- 
stone" (p.  153). 

In  his  final  Report  on  the  geology  of  Pennsylvania,  published  in 
1868,*  professor  Ilogers,  in  speaking  of  the  Second  or  Middle  Belt 
of  Gneiss,  in  the  southern  gneissic  district,  says:  ''It  would  seem 
as  if  these  minerals  had  crystallized  or  segregated  from  their  parent 
sedimentary  materials,  under  a  coniiict  of  forces,  the  newly  awak- 
ened crystallizing  energies  being  not  always  parallel  to  the  origi- 
nal bedding  of  the  deposit,  but  more  frequently  oblique  to  it" 
(p.  71).  This  remark  is  made  in  view  of  the  "wavy  or  minutely 
undulated  lamination,  arising  apparently,  from  a  contorted  or 
wavy  structure  in  the  coarsely  crystallized  mien,  its  predominant 
mineral,  which  he  thought,  seemed  "to  proceed  from  the  interfer- 
ence of  innumerable  planes  of  cleavage  -  or  what  is  the  same  thing 
—of  crystalline  lamination,  with  the  original  planes  of  depo.sition 
of  the  strata.'' 

He  remarks  a  character  which  possibly  might  be  attributed  to 
remoteness  of  the  upper  gneisses  from  the  zone  of  intense  crystal- 
line action : 


*Tfie  GeoltH/yaf  I'cnuMulntniti,  fimrrnmnit  Siirvr}/.  \\y  Wvuvy  Daiwiii  Kn-rer*..  Tii 
two  voN.  4t«i.  Ni'W  Vnrk,  ISllH.  Tin*  autlioi-  iiifnrin>  u-^  In  ihc  prcfMcr  tluil  tin-  survey 
was  (.'OTiiDteii('(*<I  ill  IKMi:  iiit<-rnipti-d  from  f:illiii'i>  of  apptttpriuliniix.  in  1>^'J:  rcvivv<l  in 
1851  (aft«T  sundry  fuilunvs  in  iittcnipt*^  in  n<^('(irnpll><h  pnbllc:itl<»n.>;  llu*  field  work  wus 
c*oncluded  In  18.M,  rc-port  rc>\vrIHi')i  and  placed  in  way  of  publiciitinn  under  direction 
of  the  author.    Tlic  pit-fan*  i<  dati^l  IMiiiadi.-Jphia.  April.  1nV». 
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"A  remarkable  feature  in  the  northern  or  uppermost  band  of 
gneiss  on  the  Schuylkill,  or  those  which  next  adjoin  the  base  of  the 
Primal  series,  is  the  possession  of  a  less  than  usual  completeness 
of  crystallization  in  the  constituent  minerals,  the  feldspar  more 
especially,  appearing  to  be  less  perfectly  developed  than  common, 
and  more  in  the  condition  of  roundish  or  lenticular,  segregated 
lumps.  In  this>  circumstance,  the  gneiss  here  approximates  some- 
what to  the  structure  of  the  lowest  beds  of  the  Primal  series,  which 
are  also  porphyroidal,  but  exhibit  their  nietamorphism  in  a  far 
lower  degree"  (p.  73). 

The  prevailing  Appalachian  dip  is  not  remarked  in  the  gneisses: 

**A  remarkable  feature  in  the  structure  of  the  whole  southern 
gneiss  district  is  the  ])revalence  of  a  northward  dip  in  the  strata. 
This  inclination  prevails  along  the  Schuylkill,  with  very  few  local 
and  trivial  exceptions  throughout  all  the  three  great  subdivisions 
of  the  zone  of  gneiss'*  (p.  78). 

I  make  one  more  quotation,  setting  forth  a  conception  in  refer- 
ence to  Appalachian  structure,  which  demonstrates  long  and 
thoughtful  observation: 

"That  the  wida  area  of  gneiss  now  under  description  is  undulated 
in  a  succession  of  anticlinal  and  synclinal  waves  is  obvious  to  any 
practiced  geological  observer  who  studies  its  structure  with  due 
care.  .  .  The  notion  of  an  undulated  or  folded  structure  in  the 
gneiss  finds  corroboration  in  the  parallel  arrangement  of  the  hills 
and  valleys;  and  in  the  sudden  changes  in  the  dip  of  the  strata, 
wherever  we  make  a  transverse  section  through  the  region;  but  it 
receives  its  most  positive  demonstration,  when  we  study  the  to- 
pography anil  distribution  of  the  gneiss  on  the  western  side  of  the 
county.  There  as  we  have  already  seen,  several  long  tapering 
tongues  of  the  gueies  formation  project  forward  towards  the  W, 
including  b»»tweeu  them  actual  troughs  of  the  Paheozoic  rocks,  a 
feature  not  attril)utHble  to  any  other  mode  of  elevation  of  the 
gneiss  than  that  of  an  undulation  of  its  general  floor  in  the  manner 
of  long  anticlinal  waves"  (p.  80).  In  reference  to  inverted  ilexures 
in  the  South  mountains,  see  page  94. 

•TAMES    II.VLL. 

7'S'/.7.  Ill  his  Final  Iiep»)rt  o::  the  geology  of  the  Fourth  Dis- 
trict of  Now  York,*  Mr.  Hall,  like  Mr.  Matber  andMr.  V'anuxem.** 

*/;Mi/».i/.i/iif  Xnf  Vi»//..  J*«tit.  /  r,  Cii/i»/i/ j.yi//(/  till  Sinn  If  t if  tlu  Fourth  (.imhHjirol  ni!<trirt. 
iJy  .F.iiiH-s  ll:ill.  AlliiiMiy.  H»:!. 

**  Vjinn  \r!ii'-^  rli:i))tti- «m  i  In- 'I'itroiiir  syxtj-jn  iifi'n|ili-«»  ]>iit  jiliout  tun*  ptiLmpp.  C^.'i^iO 
Tin- riM-k^  <ir  tin- ^y>.triii  l):ir»'Iy  <Miti'i«-«i  Iiis  rii^t  i-i«'l.  I'rillk*'  MiitlnT.  In*  sitrrci'il  uitli 
Kiiiiinm-  ;i>  In  till'  vjiliriliy  «if  H^  i'\iH|iMii*i'.  Tlif  fullowlug,  howt»VL*r.  is  »  ••iiriimi 
]i:ir:i;ira]>li: 
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makeH  mention  of  the  Taconic  system,  then  recently  proposed  by 
Dr.  Emmons.  Bat,  with  Mr.  Httll,  a  mere  mention  Bnffices.  He 
says:  "II.  Taconic  System.  Bepreseuted  by  tlie  Taconic  range 
of  mountains  in  the  eastern  part  of  New  York."     {p.  17. ) 

1847.  Mr.  Hall's  attitude  toward  the  Taconic  was  disclosed  in 
the  first  volume  of  the  Pahoontology  of  New  York*  where  the  tril- 
obites  describsd  by  Dr.  Emmons  under  the  names  Aiops  irillnentus, 
and  Ellipioccphttlua  asnphoides,  as  representatives  of  Taconic 
life,  were  described  as  Cnlymene  bpckii,  an  authentic  species  of 
the  Hadson  River  group,  and  Ohmns  usaphoklcs,  presumed  also 
to  be  of  similar  age.     He  Kays: 

"SupposiDg  the  existence  of  a  system  of  strata  below  the  Pots- 
dam sandstone,  of  which  we  have  no  proof,  we  might  fairly  infer 
that  the  wide  intei^nl  between  the  deposition  o£  those  strata  and 
the  Hudson  Kiver  group,  wculd  give  us  forms  of  nnimal  life  mors 
widely  different  than  these  examples  offer"  (p.  '257,  note.) 

1839.  So  far  as  I  have  observed,  professor  Hall  had  no  occasion 
to  assume  positions  bearing  on  any  questions  coDceming  pre-Silu- 
rian  rocks,  until  some  [assumed]  "Trilobites  of  the  Shales  of  the 
Hudson  Eiver  Group"  from  nortLern  Vermont,  were  placed  in  his 
hands.t  These  were  described  as  Olnms  Ihoiirpsoiit,  Oli-niis  ver- 
moniana  and  PeUnrii  (Olcniis)lioloi)iii/<i  {T^iy.59-()'2).  These  fos- 
sils, as  it  sppeareil,  were  obtained  from  the  district  claimed  by  Em- 
mons as  representing  the  Taconic  system.  Though  these  were  not 
generic  types  charRcteristic  of  the  horizon  of  the  Hudson  Itiver 
gronp,  the  controlling  reason  for  placing  them  there,  is  expressed 
in  the  appended  note  as  follows: 

"Note.  In  addition  to  the  evidence  heretofore  possessed  regard- 
ing the  positi'^n  of  the  slates  containing  the  trilobites,  I  have  the 
testimony  of  Sir  W.  E.  Logan,  that  the  shales  of  this  locality  are 
in  the  upper  part  of  tlie  Hudson  Itiver  group,  or  forming  a  partof 
B  series  of  strata  wlii(-h  lie  is  inclined  to  rank  as  a  distinct  group, 
above  the  Hudson  Kiver  proper.  It  would  be  quite  supertiuous  for 
me  to  add  one  word  in  support  of  the  opinion  of  the  most  able 

"m«Jliiillvi'.ii.ri1  r...-,.|,ii„-l,  r<.i.l.iiM,-i|.  ,>lM,.lili.l,,nu  iiiiDiiv  l<i  ll..>  I'll i>    m)V 

Ibe  New  York  S.v.lvi.i;  itml  lli.>  i.-iml  U,  Kn;:l:..iii  N  ,lj-|>i,~i.il  1 ■■■r  |ji.>  Uiiiil.  sit 

lIwOaiiilirlBiiSysi..,,,  li,,nK  i|,..  .■.,„„■  |,.,.|il.,ii.    I.^.m  |T..l  (li-  m -siiy  .it  ;i  o.i.iii-n. 

Ingitlik  liolwi'iTllli.'    I'llhuni  ;,iicl  ll.v  Siri.iirlniy  .■Li.".'^.  nliii'li  :i|.mi.'  .■\U\'-.\  «Iii-ii. 

Cnrnlirliiii  Sy~ 1 1.(  Mr.  S'.lL-vii-U.   Mir  SiliiH;iin.f    Mr,  Miiivl,i«,ri.  :,ii,l  lli..  Iii'vonlnii 

OtMr.  riil11l|WMi->u  i.i<'i-<''l.  nl[lillii'  rvi-i'Dii"!!.  jiiiil.aUly.  <>r  :i  |K>iii.iiiiir  ilir  Oiim- 
l>Tlnn.  Id  tin.'  M-w  Vrnk  Sy.it-ni.' 

*IttliV<»lM'wl"fXiw  V..,;,.  Vi.Li 1.    l!y  Jiiii.v-  HmII.  i«i;. 

*Turlllh  AiiHunl  Il-i.:ir  :■  lh>  V.  y.ll<vnl'-  i'-ii<UllH<li<,u  l..  Ih-  !'■•)., :i,l"U.i\i.,i  S.  V., 
«Bi1,'.W>.!7<ii,iC.W.    Ily.l.iiiii-,   Ihill.    K-H.I,    IT..ri'»..>r  Hull  liii-  lMf,.iiii,rl  us  ilmi  tills 

lepurt  wo- pill  ill -ill  ni  (iniii.ii-  los.'iii,  ai.  \<tt. 
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Elratigraphical  geologist  of  the  American  continent"  (p.  62,  note.) 

1^60,  In  the  Thirteenth  Report  of  the  Regents*,  professor  Hall 
changf^d  the  generic  references  of  the  three  trilobites  just  men- 
tioned, establishing  for  them,  two  new  genera.  They  are  here  de- 
scribed (the  first  witli  a  new  figure)  under  the  names  Barramlia 
thompAonij  B<irrandi<i  rermontaiui  and  Bathynoius  holopyria. 
The  technical  reasons  for  these  changes  are  explained.  In  refer- 
ence to  geological  iK>sition,  ho  says,  in  a  paragraph  at  the  end: 

"The  geological  horizon  of  the  shales  in  which  these  trilobites  oc- 
cur, having  been  made  a  matter  of  discussion  among  geologists,  I 
shall  refer  those  interested  in  tlie  subject  to  the  forthex)ming  re- 
port upon  the  Geology  of  the  State  of  Vermont,  by  Professor  E. 
Hitchcock,"  (p.  119,  see  ant<'',  p.  99). 

ISGl.  This  reference  of  the  Georgia  trilobites  a  horizon  as  high 
as  the  Hudson  River  group,  was  questioned  and  somewhat  sharply 
criticised  by  M.  IJarrandef  in  1360.  Professor  Hall,  accordingly, 
made  a  restatement  of  the  reasons  which  induced  him  to  refer  the 
Georgia  trilobites  to  the  Hudson  River  horizon.  The  truth  of  his- 
tory, not  to  say  justice  to  professor  Hall,  demands  the  quotation  of 
some  passages.;!;  After  stating  that  Sir  William  Logan  had  au- 
thorized in  an  explicit  manner,  the  note  appended  to  his  paper  in 
the  XII I h  liegcnts'  Report,  he  proceeds: 

"Later  discoveries  in  the  limestones  associated  with  the  shales 
at  (Quebec  leave  no  longer  a  doubt,  if  any  could  have  been  enter- 
tained before,  that  the  shales  of  Georgia,  Vermont,  are  in  the  same 
relative  position  [i.  e.,  of  Quebec  age.  instead  of  Hudson  River] 
and  we  must  regard  these  three  trilobites  as  belonging  to  the  same 
fauna  with  the  species  enumerated  by  Sir  William  Logan  as  oc- 
curring in  the  Quebec  group.  Left  to  pala^ontological  evidence 
alone,  there  never  could  have  been  a  question  of  the  relations  of 

*AinM'miix.  CniitritiufintiH  tit  Pnltnm*olinfii,  ls.V<  (tii'l  iS.V.i.  with  aihiitUnii*  in  !>»*>:  By 
JaiiM's  Iliill.  This  iTport.  urfordliifr  to  a  slip  :itl:i«>lu'd  to  XlVth  li»'iMtrt.  was  published 
hvUn'v  live.  IT.  istii». 

+i\'c«»«  Jnhitmrh yttr  (imlniiic  ami  IhtninlttuhHiuk.  A  tniiislatioii  of  the  lot!*'!'  written 
iiih1«'|-  dati'of  I*arls.  July.  HKlsi'iT)  in  l»ror.  Hroiiii  is  kIvi-ii  by  M.  Marrou.  in  :i  iiu-inoir  en- 
titU'd  "On  tlii»  IM'hiiordial  Tuuiia  and  tln'Ta«"oiil«'SystiMii.  liy  .loarliini  Barrande.  With 
nd<lilioiui1  nott-s."  I'nun  tin*  Pnn-intiinisitj  tin  Bimton  SixiV/// n/  Xatvral  JiiKtmii,  vol.  vil.. 
ll«'i*.,  1m;»).  l>|i.  :jiH»->'j.  iJt.|)»ibll-<lK'd  iu  ^/UfT.  J«mr.  .Sr/..  11..  x.wl.  pp.  LM2-1."*.  Mar..  1«1. 
M.  l*arrandi' wrr»t«' of  tlu'st!  fossils:  ""Tlu.'lr  primordial  nature  cannot  a<lniit  of  the 
l«>ast    doul>t.   wlu'ii   the  descriiitions  are  r(>a<1.  a<'eoiiipaided   with   wood  en^ravin^ 

wliieli  the   laitre  dirm'nsions  of  tliesi.' thn-e  spi»«.'les  n.'iider  suf!i<dently  exaet All 

the  ••harai"t<'j-««  <»f  lliese  lliree  triloblt«'S.  as  they  nrv.  reeosnized  and  deserllx.'d  by  J. 
Hall,  an*  tho.sf  of  the  lrilol)iti'>  of  the  rriiuordial  fauna  of  Europe.  .  Sueli  is  niy  pn>- 
f<iund  eonvleiion.  and  1  ttiink  any  <«iie  who  has  made  a  serious  study  (»f  the  trilobltic 
forms,  and  of  tiM'ir  vrrtlcal  distribution  in  tlie  oldest   formations  will  be  of  the  same 

oplnh)n*'  ipp.  :;ri-:i?j..f 

J-l »;»<?/•.  Jour.  Sri..  II.  wxl,  pp.  -i^CMi,  Mareh,  l.sfil;  Cannd.  yatuivlM,  vl.  li:j-3i».  Apr.  15. 
18C1;  Oeol.  Venm)nt,  i.  .iKl-d. 
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these  trilobites,  wbich  would  at  once  have  been  referred  to  the 
Frimordial  types  of  Barrande. 

"Sir  William  Logan  yields  to  the  paltf^ontological  evidence,  and 
says,  'there  must  be  a  break.'  He  gives  up  the  evidence  of  strao- 
tnral  sequence  which  he  had  before  investigated,  and  considered 
conclusive;  and  having  heretofore  [myself  |,  relied  upon  the  opin- 
ion of  the  dietingnisbed  geologist  of  Canada,  in  regard  to  a  region 
of  country  to  which  my  own  e:camiiiations  bad  not  extended,  I  have 
nothing  left  me  but  to  go  back  to  the  position  sustained  by  the 
pali«ontological  evidence."  * 

He  then  e:camines  the  paln'ontological  evidence,  and  from  a 
tabular  exhibit  of  Quebec  fossils,  concludes  : 

"  In  the  table  we  find,  of  previously  recognized  tril>oliteB  of  the 
primordial  faunio,  four  genera  and  eight  species ;  two  genera  be- 
fore known  in  the  Potsdam  band  stone,  and  seven  species;  and  of 
Agnoaius,  which  is  of  the  lirst  and  second  faunii',  two  species;  and 
one  new  genus,  with  nine  species." 

"These  are  certainly  very  curious  results ;  and  a  modilication  of 
o\ir  views  is  still  required,  to  allow  four  genera  and  eight  species, 
or,  leaving  out  Ainphion,  three  genera  and  six  species  of  tribolites 
of  the  second  fauna,  to  be  associated  with  two  genera  and  five  spe- 
cies of  tribolites  of  the  primordial  fauna,  and  yet  regard  the  rocks 
as  of  primordial  origin"  (pp.  224).     .     .    . 

"In  the  present  discussian,  it  appears  to  me  necessary  to  go  far- 
ther, and  to  inquire  in  what  manner  we  have  obtained  oar  ideas  of 
a  primordial  or  of  <inij  succesKive  fauuai.  I  hold  that  in  the  study 
of  the  fossils  themselves,  there  were  no  means  of  Buoli  determina- 
tion prior  to  the  knowledge  of  the  strati  graphical  relations  of  the 
rocks  in  which  the  remains  were  enclosed.  There  can  be  no  scien- 
tific or  systematic  palaeontology  without  a  strati  graphical  basis. 
Wisely  then,  and  independently  of  theories,  or  of  observations  and 
oonclusions  elsewhere,  geologists  in  this  country  had  gone  on  with 
their  investigations  of  structurnl  geology.  The  grand  syutem  of 
Professors  W.  B.  and  H.  D.  Rogers  had  been  wrouglit  oat,  not 
only  for  Pennsylvania  and  Virginia,  but  for  the  whole  Appalachian 
chain,  and  the  results  were  shown  in  numerous  carefully  worked 
Bections,  In  18-ti,  '44  and  '4;),  I  had  myself,  several  times  crossed 
from  the  Hadsou  river  to  the  Green  mountains,  and  found  little  of 
importance  to  conflict  with  the  views  expressed  by  the  Frofessors 
Rogers  in  regard  to  the  chain  farther  south,  except  in  reference  to 
the  Bandstone  of  Burlington,  and  one  or  two  oilier  points,  which  I 
theo  regarded  as  of  minor  importance." 
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*'  Sir  William  Logan  had  been  working  in  the  investigation  of 
the  geology  of  Canada  ;  and  better  work  in  physical  geology  has 
never  been  done  in  any  country." 

"  This,  then,  was  the  condition  of  American  geology,  and  inves- 
tigators concurred,  with  little  exception,  in  the  sequence  based  on 
physical  investigations.  As  I  have  before  said,  our  earliest  deter- 
minations of  the  successive  fauna*  depend  upon  the  previous  strati- 
graphic  determinations.  This,  I  think,  is  acknowledged  by  Mr. 
Barrande  himself,  when  he  presents  to  us  as  a  preliminary  work,  a 
section  across  the  centre  of  Bohemia.  With  all  willingness  to  ac- 
cept Mr.  Barrande  s  determination,  fortilied  and  sustained  as  it  is, 
by  the  exhibition  of  his  magnificent  work  upon  the  trilobites  of 
these  strata,  we  had  not  yet,  the  means  of  parallelizing  our  own 
formations  with  those  of  liohemia  by  the  fauna  there  shown.  . 
.  .  It  then  became  a  question  for  pahiiontologists  to  decide 
whether  determinations  founded  on  a  physical  section,  in  a  dis- 
turbed and  difficult  region  of  comx)aratively  small  extent  [i.  e.  Sir 
W.  E.  JiOgan's  on  the  borders  of  Canada  and  Vermont]  were  to  be 
regarded  as  paramount  ti^  determinations  founded  on  examinations, 
like  those  cf  the  Professors  llogers,  extending  over  a  distance  in 
the  line  of  strike  of  five  or  six  hundred  miles  ;  and  those  of  Sir 
William  Logan  over  nearly  as  great  an  extent,  from  Vermont  to 
Gaspe."     ,     .     . 

"It  is  evident  that  there  is  an  important  and  perplexing  question 
to  be  determined.  .  .  For  myself,  I  can  say  that  no  previously 
expressed  opinion,  nor  any  *  artificial  combinations  of  stratigraphy 
previously  adopted,  by  me,  shall  prevent  me  from  meeting  the 
question  fairly  and  frankly"  (pp.  22-4-5-0). 

J'Sv;;^.  The  new  evidences  in  reference  to  the  age  of  many  of 
the  rocks  in  the  vaUoy  of  the  Hudson,  led  professor  Hall  to  an 
abandonment,  at  least  for  a  time,  of  the  use  of  the  term  Hudson 
Biver  group,  for  the  as.semblnj^e  of  strata  next  above  the  Trenton 
group.  In  a  note  at  the  end  of  his  report  on  the  geology  of  Wis- 
consin, he  records  this  chanj^'ed  position.* 

"At  that  time  [when  the  final  reportscm  the  geology  of  New  York 
were  in  prej)arati()n  |  and  at  a  later  period.  Dr.  Emmons  proposed 
the  name  Taconic  System  for  a  series  of  rocks  lying  a  eonsiderabla 
distance  to  the  eastward  of  the  Hudson  J  liver,  and  which  were, 
according  to  the  author  of  that  System,  below  the  Potsdam  sand- 
stone. An  examination  of  the  slaty  rocks  of  the  System  in  some 
of  their  typical  localiti.^s,  proved,  in  the  opinion  of  the  writer,  that 

"  Iff  j'uil  tin  th:  firnlinfifil  Suii'ijf  nf  Hi,;  Slot'  nf    Wiftnnnin,  \"i>l.  I.  .fjiii.    1>'1-.    pp.  47  ami 
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tbey  rested  upou  the  FotBdnm  Baiulatone;  and  in  tracing  the  same 
beds  toward  the  Hudson  Eiver,  there  could  be  discovered  no  break 
or  interruption  in  the  strata  auywhere  to  the  east  of  that  river.  .  . 
At  a  Bubsei^ueut  period,  Dr.  EmmoiiB  extended  the  application  ot 
the  terra  Taconio  Hystem  to  tlio  rocks  ot  the  Hudson  Kiver  vnlley, 
including  the  area  originally  regarded  ns  the  typical  locality  of  the 
Hudson  River  Group.  .  .  AVithin  the  last  few  years,  the  dis- 
cussion of  the  subject  has  been  revived,  more  particularly  from 
discoveries  of  fossils  in  ^'erlnout  ami  Canada,  which  prove  conclus- 
ively that  these  slates  are  to  a  great  extent,  of  older  date  than  the 
Trenton  limestune." 

"Looking  critically  at  the  localities  in  the  Hudson  valley  which 
yield  the  fossils  [belonging  to  the  second  fauna]  we  find  them  of 
limited,  and  almofcit  inijigDificaut  extent.  .  .  Besides  the  foaeils 
just  mentioned,  we  know  of  no  others  for  nearly  a  hundred  miles 
along  the  Hudson  valley,  with  the  exception  of  the  Graptolites, 
which  have  heretofore  been  referred  to  the  ago  of  the  other  fossils 
found  in  the  smaller  outliers,  or  to  the  second  fauna,  but  which  in 
reality,  hold  a  lower  position,  and  belong  to  the  great  mass  of  the 
shales  below." 

"Until  recently  but  one  or  two  other  species  of  known  older 
types  of  fossils  (those  of  the  Friniordial  fauna)  had  beeu  discovered 
in  these  slates.  But  within  the  past  few  years,  the  number  dis- 
covered has  been  very  great.  .  .  We  are  therefore satisfietl.  ,  . 
that  the  term  Hudson  Itiver  group  cannot  properly  be  extended  to 
.  ,  .  the  Lorrain  shales  and  the  shales  and  sandstones  of  Pu> 
laaki,  etc.  .  .  I  have  therefore  dropped  the  term  Hudson  Hiver 
group  in  its  application  to  the  rocks  of  Wisconsin  which  are  of  the 
age  of  the  Lorrain  shales  of  New  York,  and  the  'blue  limestone'  of 
Ohio."     .     . 

1804.  The  field  examination  made  in  1804  in  company  with  Sir 
W.  F'.  Logan,  has  already  l>eeii  mentioned.  Aufit,  p.  —  This  re- 
enlted  in  the  recognition  of  a  wide  distribution  southward,  of  rocks 
belonging  to  the  Quebec  and  Sillery  formations.  These  identifies' 
tions  were  made  in  the  midst  of  a  region  which  had  generally  been 
regarded  as  underlaiil  originally  by  altered  strata  of  Hudson  Itiver 
age. 

1877.  The  conclusions  reached  in  IHOl  and  1862,  in  reference  to 
the  age  of  the  mass  of  rocks  along  the  east  side  of  the  Hudson 
river,  were  found  to  be  only  partially  true.*  Later  investigation 
showed  the  existence  along  both  sides  of  the  river,  of  a  body  of 

-ScitB  upon  the- HIM..l-.v-i.mlViililr..fUil-lrlm  lluil^^.m  lilv.T  ^r,mp.  Ji.  Ariifrl.'un 
GcolOSlral  nui.iHi.-liitiiiT."    l',w.  Amtr.  A"--:.  Njishvlllr.  V^".  pp.  SSB-ra. 
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slates  lying  iu  unquestionablo  coutinuity  with  the  Lorraia  shales 
of  the  Mohawk  valley  and  the  northwestern  part  oE  the  state,  and 
professor  Hall  therefore  reclaimed  the  term  Hudson  lliver  group 
as  appropriate.  No  particular  citations  of  reasons  assigned  is 
needed  here.  Professor  Hall  however,  still  recognized  the  exist- 
ence of  a  mass  of  slates  farther  east  in  New  York,  which  contained 
fossils  of  the  Primordial  fauna.  These,  therefore,  still  remained, 
to  validate,  as  far  as  they  could,  Dr.  Emmons*  contention  for  the 
existence  of  a  pre-Siluriau,  fossiliferous  systeiii. 

Rin  WILLIAM  LOOAN. 

is-i'i.  Tlie  first  record  of  oKservntions  made  by  Sir  William  Lo- 
gan on  the  range  of  rocks  here  under  consideration*,  speaks  of 
them  collect! v<»ly,  as  the  "Metamorphic  Series."  But  he  recognizes 
a  lithological  and  chronological  subdivision. 

*'To  the  south  of  the  Mattawa  and  of  the  Ottawa  in  its  continua- 
tion after  the  junction  of  the  two  streams,  important  beds  of  crys- 
talline limestone  hejoma  iiiterstratitied  with  the  syenitic  gneiss,and 
their  presence  constitutes  so  marked  a  character  that  it  appears  ex- 
pedient to  consider  the  mass  to  which  they  belong  as  a  separate 
gn.mp  of  metamorphic  strata,  supposed,  from  their  geographical 
position  and  gfMieral  attitude,  to  overlie  the  previous  rock  conform- 
ably. The  limestone  beds  appear  to  be  fewer  at  the  bottom  than 
at  the  top  of  the  group,  but  whether  few  or  many,  they  are  always 
separated  by  beds  of  gneiss  which  in  no  way  differ  in  constituent 
quality  or  diversity  of  arrangement  from  the  gneiss  lower  do^vl],  ex- 
cept in  regard  to  the  presence  of  accidental  minerals,  the  most 
common  of  which  are  garnets,"  (pp.  41,  42). 

The  facts  stated  would  seem  to  afford  but  slender  ground  for  the 
recognition  of  two  "groups." 

But  this  grouping  is  traced  over  an  extent  of  sixty-three  miles, 
when  the  result  of  his  observations  is  expressed  in  the  following 
arrangement: 

4.  Fossiliferous  limestone  [with  Niagara  fossils.] 

.     Greenish  sandstones  [of  undetermined  relations.] 
2.     Chloritic  slates  and  conglomerates  [subsequently  Hurouian.] 
1.     Gneiss  (p.  (u.) 

18 Jc.  The  series  on  the  north  shore  of  lake  Superior  is  further 
described  in  the  report  of  the  following  yearf.  The  order  of  suc- 
cession determined  is  given  below: 

5.  Sandstones,  limestones,  indurated  marls  and  conglomerates, 
interstratilied  with  trap. 

*WiHntof  rnnffCf*"/  ""  OiwTht  f^cnlnifiral  Surccu  for  lSl'i-(i,  pp.  40-4'>. 
^Uvimrt  nf  pnH/ixtf»  fnr  IS1ii-7,   jip.  h-17. 
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i.  Bhiisb  slates  or  shales,  interstratified  -with  trap.  [Haronian 
Animike.) 

8.     Cbloritic  and  partially  talcose  and  conglomerate  slates. 

2.    Gneise. 

1.     Granite  and  syenite. 

On  these  Mr.  Logan  makes  the  following  remarks: 

"The  rock  at  the  base  of  the  series  is  a  granite,  frequently  pass- 
ing into  a  syenite  by  the  addition  of  hornblende ;  but  the  hornblende 
does  not  appear  to  be  often  present  wholly  without  the  mica.  .  . 
This  granite  appears  to  pass  gradually  into  a  gneiss,  which  seems 
to  participate  as  often  in  asyeuitic  a»  a  granitic  quality.  ,  .  The 
gneiss  is  succeeded  by  |3]  slates  of  a  general  exterior  dark  green 
color,  often  dark  gray  in  fresh  frncturen,  which  at  the  base  appear 
occasionally  to  he  inlerslmtijieil  with  beds  of  afeldspathic  quality, 
of  the  reddish  color  belonging  to  the  subjacent  granite  and  gneiss. 

.  .  Some  of  the  beds  have  the  (quality  of  a  greenstone,  others, 
that  of  a  mica  slate,  and  a  few  present  tho  character  of  quartz  rock. 
Bising  in  tho  series,  thesie  become  |4|  iuterstratified  with  beds  of 
a  slaty  character,  holding  a  sulKclent  number  of  pebbles  of  various 
kinds  to  constitute  conglomerates.  The  |>ebbles  seem  to  be  of 
various  qualities,  but  apparently  all  derived  from  hypogene  rocks. 

.  .  [Ogishke  conglomerate?]  "The  formations  which  suc- 
ceed [o"|  rest  iiiu'oii/oniKihlij  upon  those  already  lueiitioned.  The 
base  of  the  lower  one  where  seeu  [in  Thunder  Bay  |  in  contact 
with  the  subjacent  green  slates  presents  conglomerate  beds,  prob- 
ably of  no  great  thickness,  composed  of  quartz  pebbles  chietly, 
with  a  few  of  reil  jasper,  and  some  of  slate  in  a  green  arenaceous 
matrix,  consisting  of  the  same  materials  in  a  Suer  condition." 
[Afterward  "slate  conglomerate."] 

The  [5\  sandstones,  limestones,  indurated  marls  and  conglomer- 
ates, are  said  to  be  crowned  hy  an  enormous  amount  o[  volcanic 
overflow. 

In  the  light  of  our  own  studies,  it  l>ecomes  easy  to  recognize  in 
No  3  the  rocks  of  the  Keewatiu  iron-bearing  series,  represented  on 
the  south  shore  by  the  Marquette  iron-bearing  series;  in  No.  4,  the 
cbloritic  diabase  slates  uf  the  Thessaloii  valley,  and  in  No.  5,  the 
"slate  conglomerate"  and  quartzites  and  Trap-rocks  of  the  same 
regions,  and  the  Animike  slater  of  northeastern  Minnesota,*  while 
the  crowning  overflow  is  the  great  gabbro  sheet  so  widely  spread 
in  northern  Minnesota. 

*EiTiineoiiHly  Kiippiistsl  h.v  Whilticy  niiil  Wiidswunli  tu  rviiri--«nv  Hit!  <'ii]ir]feroiiM 
foriiiatl'JDuttlieMiiil]ii)ii)n!LlK>Fr  n<Wii.|).XM>.  Ah  l1ioCiipi'it»niii-:  Ik  trlth  llit^Niot 
Pothduiii  wv,  wcihuiilil  )iiivi'iiniL-iliuiMiluj{(i|iilviilcticy  lu'lnit'iillii.  I'oleilum  Tiiiud- 
■tunc  itiid  tbu  Aiiliiilkir  lilauk  nliitL-K. 
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It  is  importaut  to  keep  in  mind  the  early  recognition  of  an  nn- 
conformity  between  the  two  series  of  schists  Xos.  3  and  4,  and  the 
existence  of  quartz  >5e  pebbles  in  the  bluish  slates,*  as  in  the 
blackish  slates  of  the  Thessalon  valley. 

/Sir.  In  order  to  describe  the  grounds  of  director  Logan's  de- 
terminations respecting  the  geology  of  the  region  north  of  lake  Hu- 
ron it  is  necessary  to  make  a  quotation  from  Mr.  Murray's  report 
of  a  survey  in  1S17.+ 

"  The  older  groups  observed,  consist  firstly,  of  a  metamorphic 
series  composed  of  granitic  and  syenitic  rocks  in  the  forms 
of  gneiss,  niioa  slate  and  hornblende  slate;  and  secondly,  of 
a  stratified  series,  composed  of  quartz  rock  or  sandstones, 
conglomerates,  shales  and  limestones.  .  .  .  On  a  cluster 
of  small  islands.  .  .  .  granite  was  found  breaking  through  the 
quartz  rock.  The  color  of  the  rock  [which  rock  ?J  was  red.  On 
one  of  the  islands,  quartz  rock  beds  on  opposite  sides  of  the  gran- 
ite, were  observed  to  dip  in  opposite  directions,  north  on  the  north 
side,  and  south  on  the  south  side,  at  an  angle  of  7S"  or  80"^  ;  and 
in  another  of  the  islands,  the  quartz  rock  and  granite  were  seen  in 
juxtaposition,  the  former  reclining  on  the  latter.  In  this  case  the 
quartz  was  traversed  by  several  trap  dikes  running  slightly  oblique 
to  the  strike,  while  granitic  veins  ran  transversely  through  the 
whole,  and  were  continued  through  the  main  body  or  nucleus  of 
the  granite,  the  one  granite  being  distinguishable  from  the  other 
notwithstanding  the  red  color  of  both,  by  the  finer  texture  of  the 
veins"  (pp.  112.  1131. 

This  is  the  earliest  description  of  a  portion  of  the  rocks  in  what 
was  to  become  "  the  original  Huronian  region."  An  examination 
of  the  statements  made  by  Mr.  Murray  justifies  the  conclusion 
that  the  rocks  described  correspond  to  the  *  upper  group '  found 
by  Logan  on  the  north  shore  of  lake  Superior.  But  it  will  be 
seen  that  Logan  parallelizes  them  with  the  metamorphic  series  of 
the  north  shore,  without  paying  due  regard  to  the  unconformity 
which  he  has  described  running  between  the  upper  and   lower 


•Tlii—f  ar»-  '!•  -^-r:'  •■•I  u- .*•••.  »rf;  :irj:ila.**-»«i.;'.  -;;ii»—  \>y  Mr.  Alexandor  Murray  -..a!:;''  r\'- 
p'-rt.  |iji.  .'il- ;  Affi-r  :.'iT:.':[i;r  tr.«-  t.vu  zvAiif  aiid  ihv*trii».»ttirally  •.•'•ri/»'r»n.i'.'Vi.a>»;42».* 
<.>fthv  Ii''.v».r  ]:il«>  til*' !"t'«.':t;  J'. •!—•.■-■,■:.•■ -ay-'-f  xh*-  uppvr  'bi:4«'k  an:llu'*»-'i:>  >^'.jit»--- 
"Tilt-  !-.i'.»-  "f  i».:-  fi«r:,.:iti«'ii  .  .  .  ■•^a-  i/.-trv»ii  ■m  the  l\arr.iu>ti.i'i:a.  i'.«'ar  t"Bi«f 
t.iraiuJ  K.il!'.  1:-^  :•  .r  .1  iliat»-  J-:ti-f."'.t  ■•vitii  tSi»-  n^.-k  mq  wliioii  it  rvp«>>v>  wa*  '.■■.■:.<»•  :iW 
fr«'!ti  vitw,  '  -it  ly^Tsvar-i  To  !.»■  inil;'\iN..i  f.y  tii*-  i)«.-;t;i.'Ii  of  a  ^rnall  lako  or  P"r!«l  i.««''".;r- 
rin:;  i'l**;  t^-l.!-.*-  r.ru-  -...'itiiI  i)>irt;i.:*'.  ari»i  xh*-  r:.ar-hy  ravine*  whi«'h  run  fri-n.  lt  in  the 
dir^M'tii'ii  nf  liic  -:r\'<^*-t\  *r.f\i  >-.'i»-.  Tli»-  "latt-s  \is5')ly  r»:a«-h  tn  witliiri  a  «.hvrt  di*- 
tatiiv  «»f  thr  jN'Tiij.  jir>  La'Iy  •..rt.i:.:h:  !:.:•.•  pla';«.  a-rai:i-t  ihv  ■i'Vonilv  by  a  «i>Ii  vat '•-•:; 

*  Murray.  iC* j>»i"* «.»/  rn-jn:t»t  j^or  l<i:^^. 
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groups.    Thas,  in  reference  to  the  second  series  of  Mr.  Murray, 
he  writes  in  1848  :  * 

''The  series  of  rocks  occupying  this  country  form  the  connecting 
link  between  lakes  Huron  and  Superior  to  the  vicinity  of  Sheba- 
wenahning,  a  distance  of  120  miles,  with  a  breadth  in  some  places 
of  ten,  and  in  others  exceeding  twenty  miles,  and  it  appears  to  me, 
must  be  taken  as  belonging  to  one  formation ;  on  the  west  it  seems 
to  repose  on  the  granite  which  was  represented  in  my  report  on 
lake  Superior  as  running  to  east  of  Gros  Cap,  north  of  Sault  Ste. 
Marie  ;  on  the  east,  the  same  supporting  granite  was  observed  by 
Mr.  Murray,  north  of  La  Cloche,  between  three  and  four  miles  in  a 
straight  line  up  the  Bivi^re  au  Sable,  .  .  .  and  again  about  an 
equal  distance  up  another  and  parallel  tributary,  ...  in  both 
oasesy  about  ten  miles  from  the  coast  ...  In  respect  to  the 
geologioal  age  of  the  formation,  the  evidence  afforded  by  the  facts 
ooUected  last  year  by  Mr.  Murray,  ...  is  clear,  satisfactory, 
and  indisputably  conclusive.  .  .  .  The  chief  difference  in  the 
copper-bearing  rocks  of  lakes  Huron  and  Superior  seems  to  lie  in 
the  great  amount  of  amygdaloidal  trap  present  amon^  the  latter. 
and  of  white  quartz  rock  or  sandstone  among  the  former.  But  on 
the  Canadian  side  of  lake  Superior,  there  are  some  considerable 
areas,  in  which  important  masses  of  interstratified  greenstone  ex- 
ist* without  amygdaloid,  [this  is  the  *  upper  group']  while  white 
sandstones  are  present  in  others,  as  on  the  south  side  of  Thunder 
Bay,  though  not  in  the  same  state  of  vitrification  as  those  of  Hu- 
ron. But  not  withstanding  these  differences,  there  are  such  strong 
points  of  resemblance  in  the  interstratification  of  igneous  rocks, 
and  the  general  mineralized  condition  of  the  whole,  as  to  render 
their  positive  approximate  equivalence  highly  probable,  if  not  ab- 
solutely certain ;  and  the  conclusive  evidence  given  of  the  age  of 
the  Huron,  would  thus  appear  to  settle  that  of  the  lake  Superior 
rocks,  in  the  position  given  to  them  by  Dr.  Houghton,  the  late  state 
geologist  of  Michigan,  as  beneath  the  lowest  known  fossiliferous 
deposits,  a  position  which,  as  will  be  seen  by  a  reference  to  the 
Report  of  Progress  I  had  the  honor  to  submit  to  your  Excellency, 
in  1846,  appeared  to  me  to  derive  some  support  from  evidences  on 
the  Canadian  side  of  lake  Superior  itself." 

The  positive  error  embodied  in  the  foregoing  paragraph  is  the 
attempt  to  parallelize  the  Huron  rocks  with  a  series  of  Superior  rocks 
which  consists  of  two  groups,  and  then  having  shown  the  parellel- 
ism  with  the  higher  group,  the  drawing  of  inferences  touching  a 


*Rrp<nrt  on  the  noiih  nilunr  of  Lahf  Jhinm.  Dec.  20. 1M«.  pp.  8,  0. 10,  20. 
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third  geological  region  which  are  valid  only  in  reference  to  the 
lower  Superior  groap. 

The  foregoing  citation  from  the  report  of  1848,  was  embodied  in 
a  communication  made  by  director  Logan  to  the  British  Aasocia- 
tion  in  1851.*  But  in  place  of  the  last  part  of  the  last  sentence, 
we  find  the  following:  ''and  in  this  sequencei  those  [rocks]  of  Lake 
Huron,  if  not  those  of  Superior,  would  appear  to  be  contempor- 
aneous with  the  Cambrian  series  of  the  British  Isles."  In  the 
next  paragraph,  he  says  the  Lower  Silurian,  on  the  lower  St 
Lawrence,  "appears  to  rest  upon  gneissoid  rocks,  without  the  in- 
teryention  of  the  Cambrian"  {Amer.  Jour.  Sci,  1.  e,,  p.  226;)  and 
in  the  next,  he  uses  the  phrase,  "Cambrian  formation  of  Lakes 
Huron  and  Superior"  (p.  227),  and  the  same  again  on  the  next 
page.  It  is  clear  then,  that  in  1851,  Sir  William  Logan  considered 
the  rocks  on  the  north  shore  of  lake  Huron  as  equivalent  to  the 
Cambrian  of  Sedgwick. 

1848.  We  must  again  cite  from  Murray,  as  it  appears  that  direc- 
tor Logan's  judgments  were  largely  based  on  assistant  Murray's 
facts.  In  the  report  for  1848-9,  after  describing  the  country  along 
the  Spanish  river,  he  says: 

"The  geological  formations  met  with  in  the  region  thus  describ- 
ed, may  be  arranged  in  two  groups,  one  of  which  appears  to  be 
nearly  allied  to,  and  the  other  identical  with,  the  older  rocks  of 
which  mention  was  made  in  my  report  of  1847-8.     They  are 

2.     Quartz  rock  group. 

1.     Granitic  or  Metamorphic  group. 

Mr.  Murray,  in  describing  the  lower  group,  mentions  only  grani- 
toid rocks.  He  says:  "The  constituent  minerals  were  usually 
those  of  granite  or  syenite,  or  a  mixture  of  both.  .  .  A  gneissoid 
structure  was  observed  on  one  or  two  occasions,  .  .  but  obscure 
and  ill  defined."     Speaking  of  the   "Quartz  rock  group,"  he  says: 

VThe  rocks  of  this  group,  where  they  came  under  our  observa- 
tion, like  those  examined  the  previous  season,  were  found  to  be 
partly  of  aqueous  and  partly  of  igneous  origin."  After  describing 
the  quartzose  members,  he  speaks  of  the  slate.  "The  slates  were 
gray,  green  or  blackish  in  color,  and  were  usually  more  or  less 
silicious,  and  frequently  very  micaceous.  .  .  The  more  purely 
argillaceous  portions  of  the  slate  were  generally  black  or  of  a  very 
dark  brownish  tinge,  and  in  these  a  very  symmetrical  jointed 
structure,  dividing  the  rock  into  rhombohedral  forms  of  consider- 
able regularity,  was  frequently  recognized.     The  slates  were  very 

*R€p.  Brit,  Assoc.  Adv.  Sci.  1851.  Trans.  Sees.  5©-62  Amer.  Jour.  Sd.  II,  xlv, 
also  Bull.  Soc.  q4oL  de  France,  1849-50,  (2).  vli,  207-20J). 


STATE  QEOLOOIST.  IIT 

•often  obseryed  to  pass  into  a  conglomerate,  holding  pebbles  of 
granite  and  syenite  chiefly,  varying  in  diameter  from  an  eighth  of 
an  inch  to  a  foot,  and  imbedded  in  a  black  argillaceous  matrix'* 
(p.  37.) 

No  one  who  has  seen  Logan's  slate  conglomerates  in  the  valley  of 
the  Thessalon,  can  fail  to  recognize  the  identity  of  the  argillaceous 
elates  described  by  Mr.  Marray. 

1849.  In  the  report  for  1819-50,  director  Logan  describes  the 
geology  about  Bay  St.  Paul  and  Murray  bay.  He  classifies  the 
xocks  as  follows: 

4.    Bituminous  limestone  (Trenton.) 

3.     Calciferous  sandrock. 

2.     White  quartz  rock  (Potsdam  sandstone.) 

1.    Metamorphic group  (p.  8. ) 

Bef erring  to  the  "Metamorphic  group,"  he  states  that  th&  prevail- 
ing rock  of  the  country  is  gneiss,  sometimes  of  a  granitic  and  some- 
times of  a  syenitic  character.    After  careful  local  details,  he  says: 

"The  gneiss  of  this  district  belongs  to  that  metamorphic  group 
of  rocks,  which  in  previous  reports  has  been  described  as  existing 
on  the  Ottawa,  and  as  traceable  thence  .  .  to  Cape  Tourmente 
below  Quebec.  .  .  None  of  the  highly  crystalline  limestones 
-which  on  the  Ottawa  are  so  marked  a  feature  of  the  group,  were 
observed  in  the  region  under  attention." 

This  fact  gives  support  to  the  suggestion  of  Whitney  and  Wads- 
worth  that  the  Laurentian  limestones  may  be  mere  Segregations, 
instead  of  extensive  strata. 

A  white,  translucent,  slaty  quartz  rock,  rendered  cleavable  by 
the  presence  of  silvery  mica,  but  seen  only  at  three  points,  directly 
overlies  the  gneiss.  "There  appears  to  be  little  doubt  that  this  rock 
is  equivalent  to  the  Potsdam  sandstone  of  New  York"  (p.  10.) 

1^.51.  This  year  director  Logan  and  assistant  Murray  examined 
-different  portions  of  the  district  between  the  Ottawa  and  the  St. 
Liawrence.  Mr.  Logan  describes  the  Potsdam  sandstone  as  re- 
posing unconformably  on  the  "Metamorphic  or  gneissoid  group" 
^p.  6.)  The  character  of  this  "group"  may  be  learned  from  Mr. 
Idurray's  description  of  the  geology  of  Bigaud  mountain  (Report 
of  Progress,  p.  63. )  After  speaking  of  the  occurrence  of  gneisses, 
he  says: 

''These  beds  are  interstraUfied  with  others  of  a  different  charac- 
ter; one  set  is  composed  of  small  cleavable  forms  of  black  horn- 
blende and  grains  of  translucent,  yellowish- white  feldspar,  weather- 
ing opaque- white,  and  crystals  of  brown  mica.  Another  consists 
of  grayish-green  cleavable  pyroxene,  with  indii^iduals  of  greenish 
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feldspar  weathering  white,  and  largely  disseminated  grains  of 
magnetic  iron;  and  a  third  consists  of  translacent  albite,  with  black 
hornblende  and  magnetic  iron  ore  disseminated,  alternating  with 
micaceous  layers.  All  these  beds  are  intersected  by  transverse 
dykes,  some  of  which  are  fine-grained,  grayish-black  trap,  probably 
a  greenstone  with  disseminated  grains  of  calc-spar,  while  others 
are  porphyritic,  having  a  fine  grained  blackish-green  base,  with 
individuals  of  greenish  white  feldspar"  (pp.  63-64) 

Thb  passage  sounds  very  unlike  the  descriptions  of  the  rocks 
about  Spanish  and  Thessalon  rivers.  But  these  are  the  rocks 
which  in  the  Seigniory  of  Bigaud,  rest  directly  upon  the  f^ieisses. 
It  is  further  stated  (pp.  60,  65,)  that  at  the  base  of  71  feet  of  sand- 
stone, on  Bluff  island  in  Charleston  lake,  is  a  ''red  talco-quartzose 
rock  of  the  Metamorphic  series."  No  such  rock  is  described  in 
the  region  north  of  lake  Huron.  There  is  reason  to  suppose  an- 
other group  of  rocks  rests  in  this  region  in  a  position  between  the 
gneiss  and  the  ''Huron  rocks." 

Of  the  deeper  gneisses  Mr.  Murray  supplies  some  interesting 
information: 

''Near  Furnace  Falls,  on  the  second  lot  of  the  eighth  concession  of 
Landsdowne,  there  is  a  considerable  display  of  crystalline  lime- 
stone, holding  as  usual,  spangles  of  graphite  and  mica,  with  grains 
of  quartz.  .  .  Crystalline  limestones  are  also,  extensively  ex- 
hibited in  the  neighborhood  of  Beverly,  township  of  Bastard,  and 
Newboro*  in  south  Crosby.  Their  color  is  usually  white,  but  some- 
times grayish.white,  or  white  with  gray  bars  or  stripes.  Small 
scales  of  graphite  are  invariably  disseminated  through  the  lock, 
with  serpentine,  mica  and  iron  pyrites.  .  .  The  texture  of  the 
limestones  is  usually  coarse.  .  .  Nodular  masses  of  vitreous 
white  quartz,  surrounded  with  thin  layers  of  brown  mica,  and  both 
enclosed  in  foliated  green  pyroxene,  are  met  with  in  some  of  the 
beds.  .  .  On  the  twenty- fourth  lot  of  the  tenth  concession  of 
Bastard,  there  is  an  unmistakable  bed  of  conglomerate,  interstrati- 
fied  between  two  beds  of  highly  crystalline  limestone,  showing  the 
sedimentary  origin  of  the  Metamorphic  series.  The  following  is 
a  condensed  statement  of  the  section  given  (p.  62.) 

7.     Crystalline  limestone,  white,  coarse-grained,  6  ft 

6.     Crystalline  limestone,  fine,  very  hard,  bluish-gray,  4in. 

5.     Calcareous  sandstone,  fine-grained,  2  in. 

4.     Coarse  conglomerate.     The  pebbles  are  fiat  and  lie  on  their 
sides,  etc.,  1ft.  6in. 

3.     A  calcareous  aggregate  of  quartz,  with  feldspar,  calc  spar 
and  scales  of  graphite,  2in. 
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2.  An  aggregate  of  oolorless,  transluoent  quartz,  with  feldspar 
and  patohes  of  greenish,  chloritic  limestone,  with  brown 
mica,  4in. 

1.    Pare  white,  highly  orystalline,  coarse  limestone,  5ft. 

1852,  Director  Logan  retarns  to  an  exposition  of  the  rooks 
north  of  lake  Huron,*  and  states: 

*'0n  Lake  Huron,  the  Lower  Silurian  group  rests  unconforma- 
bly  upon  a  silioious  series,  with  only  one  known  band  of  limestone, 
about  150  feet  thick,  with  leaves  of  chert  in  abundance,  but  as  yet, 
without  discovered  fossils.  This  series  is  supposed  to  be  of  the 
Oambrian  epoch.  It  comprehends  the  Copper-bearing  rocks  of 
that  district,  and  with  its  igneous,  interstratified  masses,  has  a 
thickness  of  at  least  10,000  feet.  The  gneissoid  group,  of  which 
mention  is  made,  is  probably  still  older  than  this.  Its  conditions 
appear  to  me  to  make  it  reasonable  to  suppose  that  it  consists  of 
aqueous  deposits  in  an  altered  state.'* 

1854.  The  first  announcement  of  the  term  Laurentian,  as  the 
designation  of  a  series  of  rocks»  was  made  in  1854.t 

'The  name  which  has  been  given  in  previous  reports  to  the 
rocks  underlying  the  fossiliferous  limestones  in  this  part  of  Can. 
ada,  is  the  "Metamorphic  series;"  but  inasmuch  as  this  is  applica- 
ble to  any  series  of  rocks  in  an  altered  condition,  and  might  oc- 
casion confusion,  it  has  been  considered  expedient  to  apply  to 
them  tor  the  future,  the  more  distinctive  appellation  of  the  Lauren^ 
Han  serieStX  &  name  founded  on  that  given  by  Mr  Garneau,  to  the 
chain  of  hills  which  they  compose." 

In  the  same  report,  Mr.  Murray,  writing  of  the  region  between 
lake  Ontario  and  lake  Simcoe,  supplies  a  general  description  of 
the  Laurentian  series,  in  these  words: 

''They  consist  of  masses  of  micaceous  and  homblendic  gneiss, 
and  masses  of  crystalline  limestone  interstratified  by  gneiss.     In 


•Quar,  Jour.  Oeol.  Soc.,  vill,  210, 1852. 

f Report  of  Progress,  Geolog,  Surv.  Caruida,  for  the  year  1852-3,  Quebec,  1854,  p.  8. 

tThe  term  "Laurentian"  had  already  been  applied,  in  1851,  by  Edward  Desor,  to  tho 

fCMsiliferous  marine  Drift  of  tlie  valley  of  tho  St.  Lawrence  river  {Proe.  Boston  Soo, 

NoL  Hist,,  Feb.  10  and  March  5, 1851,  vol.  IV,  pp.  20,  33.)    It  was  also  published  in  the 

BuUetin  of  the  Geological  Society  of  hYance  in  tho  bauio  year  and  in  1852;  in  theNeuea 

Jahrbuch  for  1853;  and  In  Thompson's  Natural  History  of  Vermont,  In  1853. 

The  term  "Algonquin  terrane"  was  also  preoccupied  by  Desor,  In  1851,  as  the  deslg* 
nation  of  the  fresh-water  deposits  about  the  Great  Lakes,  to  which  G.  H.  Hitchcock 
and  J.  D.  Dana  have  since  applied  the  term  Champlain.  Tho  name  "Algonklan"  has 
heen  (in  1880)  proposed  by  C.  D.  Walcott,  for  all  the  sub-Oambrlan  deposits  down  to  the 
top  of  the  crystalline  schists.  Thus  a  notable  parallelism  exists  in  tho  fortunes  of 
the  two  terms  proposed  by  Desor,  for  two  distinct  members  of  the  Quaternary. 

For  a  history  of  the  use  of  the  term  "Laurentian  as  applied  to  a  Quaternary  terraiie*** 
«ee  Joseph  F.  James  In  American  Geologist,  Jan.  1800.  pp.  20-35;  also  0.  H.  Hltchcook*  in 
American  Geologist,  April  1800,  and  Jules  Marcou,  in  American  Geologist,  vol.  VI,  p.  64. 
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the  great  masses  of  gneiss,  the  prevailiDg  color  appears  to  be  red- 
dish, but  they  are  frequently  striped  with  interstratified  bands  of 
gray,  the  reddbh  part  taking  its  general  aspect  from  the  reddish 
feldspar  which  is  the  principal  constituent,  while  the  gray  is 
chiefly  made  up  of  small  grains  of  white  quartz  and  feldspar,  with 
small  scales  of  black  mica,  and  occasionally  grains  of  black  horn- 
blende. .  .  Beds  also  occur  of  which  almost  the  only  constii- 
uent  is  white  quartz,  and  these  often  alternate  with  thin  layers  of 
yellowish  white  feldspar,"   (pp.  81,  82). 

Various  beds  of  crystalline  magnesian  limestone  are  described: 
— One  on  Eel  lake  30  feet  thick,  emd  several  other  exposures  on 
the  same  lake  (pp.  83,  84);  another  on  Long  lake,  seventh  hid 
ninth  concession  (with  little  magnesia),  with  apatite,  silvery  mica 
and  graphite,  and  a  few  grains  of  rose-oolored  quartz,  ani  some 
green  serpentine;  another  below  this,  on  Gold  lake,  with  abandant 
grains  and  nodules  of  greenish  serpentine;  another,  still  lower,  of 
white  dolomite,  with  pinkish  streaks  and  spots,  with  grains  of 
quartz  and  serpentine  (p.  84).  Many  other  exposures  are  describ- 
ed, of  similar  general  character.  "Southwest  from  the  Gold  Lake 
limestone,  in  the  continuation  of  the  general  strike,  an  exposnie 
was  met  with  on  the  fourth  lot  of  the  eighth  concession.  .  . 
From  the  vicinity  of  this  exposare,  crystalline  limestone  is  trace- 
able, emergiDg  from  beneath  the  fossiliferous  formations  for  a 
mile  and  a  half"  (p.  85). 

If  then  these  limestones  are  '*low"  in  the  gneissic  series,  an  oc- 
currence  so  near  the  fossiliferous  limestones  would  imply  the 
absence  of  a  large  part  of  the  gneissic  and  the  whole  of  the 
schistic  rocks. 

At  an  exposure  on  Birch  lake,  Mr.  Murray  measured  a  section^ 
of  which  the  following  is  a  synopsis:  (p.  89.) 

11.     Mica  slate,  fine,  with  bands  of  coarse,  disintegrating 

limestome 86fl 

10.     Limestone,  coarse,  disintegrating 40 

9.     Feldspathic  quartz  rock  and  coarse  disintegrating 

limestone 50 

8.     Red,   ferruginous  mass,   of    brecciated  appearance 

[See  also  p.  94] 10 

7     Crystalline  limestone,  coarse,  disintegrating 30 

6.     Crystalline  limestone,  coarse,  with  graphite  nodules 

and  angular  fragments  of  quartz 100 

5.     Concealed  from  view 231 

4.     Gneiss,  mostly  quartz,  some  black  and  brown  mica 

and  abundant  garnets  [Not  very  good  gneiss] ...  260 
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3.    White  quartz  emd  fine-grained  feldspar  alternatiDg.  130 

2.    Supposed  to  be  chiefly  mioa  schist 300 

1.    Gneiss,  red  and  gray,  thin  bedded,  with  layers  of 

mica  schist 132 
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1857.    The  reports  of  the  Canadian  survey  for  1853,  '54,  '55,  '56 

were  not  printed  until  1857.*  In  Murray's  reports  for  1853  and 
1864,  he  describes  the  country  between  Georgian  bay  and  the  Ot- 
tawa riyer.  *'The  Laurentian  series"  occupies  most  of  the  coun- 
try. He  speaks  of  gneiss  in  alternation  with  mica  slate.  Some 
highly  garnetifeious  portions  are  mostly  an  aggregation  of  granu- 
lar quartz.  He  speaks  also,  of  a  black  rock  composed  chiefly  of 
hornblende,  with  some  black  mica  (pp.  89,90.)  A  fine  grained 
red  rock,  supposed  to  be  intrusive  (p.  90)  is  spoken  of,  and  beds  of 
limestone  are  particularly  located  (pp.  91, 92,  93.)  Bands  of  lime- 
stone are  found  about  lake  Nipissing  (pp.  121,122,123.)  The 
^'Laurentian  series"  of  lake  Nipissing  is  further  described  in  Mur- 
ray's reports  for  1855  and  1856  (Rep.  1857,  pp.  140-3.) 

''Among  the  boulders  on  lake  Nipissing"  says  Mr.  Murray,  at 
the  end  of  the  report  for  1865 — printed  in  1857,  "many  were  ob- 
served to  be  of  a  slate  conglomerate,  and  they  were  frequently  of 
very  great  size;  in  their  aspect  and  general  character,  these  have  a 
very  strong  resemblance  to  the  slate  conglomerate  of  the  Huron- 
tan  series.t  from  which,  in  all  probability,  they  are  derived"  (p. 
125. )  In  the  report  for  1856,  he  speaks  of  the  bowlders  ot  met- 
amorphic  rocks  as  derived  from  the  Laurentian  and  Huronian 
formations  on  the  north  shore  of  lake  Huron  (p.  134.) 

In  reference  to  the  red  rock  first  mentioned  in  the  report  for 
1853,  (p.  90,)  he  says: 

''At  Grand  Ilecollet  Fall,  in  the  north  channel  of  the  French 
River,  and  in  the  south  channel  about  two  miles  southeast  from 
them,  the  rock  is  of  a  brick  red  color,  without  any  distingaishable 
lines  or  layers  of  stratification.  It  was  supposed  to  be  an  intru- 
sive syenite,  and  with  a  general  breadth  of  from  one  to  two  miles, 
its  course  appeared  to  be  N.  N.  W.  and  S.  S.  E.,  (141,  142. ) 

•The  volume  printed  in  1*>7,  of  41)4  paKo^^*  contains  reports  of  Murray  and   Hunt  for 
1863, 1854, 1855,  and  1856,  and  reports  of  Mr.  Biilinj^s  and  Mr.  Klehardson  for  1856. 

iThe  term  "Huronian"  is  evidently  employed  in  this  place,  as  a  geographical  desig- 
nation, rather  than  the  name  of  a  well-considered  historical  assemblage  of  rocks  oe- 
enrring  In  the  Huronian  area  and  elsewhere.  Systemlcally,  these  rocks  were  understood 
by  Sir  William  Logan,  as  he  tells  us,  to  belong  to  the  Cambrian  (See  ante,  p.  116, 1852,  In  Rep- 
far  tBHi.)  It  win  be  remembered  also,  that  Emmons  had  declared  that  they  fall  with 
In  the  limits  of  the  Taconic  (See  ante,  p.  82, 1860,  p.  18;)  and  it  does  not  appear  that  the  in- 
idstanoe  upon  the  use  of  term  Huronian  has  been  formally  defended— a  lack  of  any 
jSMemiitatJustiQcation  which  Is  explained  only  hf  the  apparent  assumption  that  the 
claims  of  Taconio  were  too  preposterous  to  merit  consideration. 
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Director  Logan,  in  a  note,  saggests  the  resemblanoe  of  this  red 
'ock  to  some  of  the  harder  kinds  of  the  laterite  rock  of  the  East 
Indies.  He  cites  Dr.  Clarke,  as  oonclading,  in  1838,  that  it  results 
from  decomposed  syenite  or  hornblendic  gneiss.  "  The  Canadian 
rock/'  Mr.  Logan  adds,  '*  seems  to  be  a  syenite  in  an  incipient 
state  of  decomposition." 

Li  his  report  for  1856,  dated  1st  March,  1857,  Mr.  Marray,  speak- 
ing  of  the  *' distribution  of  the  rock  formations"  between  lake 
Nipissing  and  lake  Huron,  says  : 

''The  rocks  of  the  region  explored  during  the  season,  embrace 
two  of  the  oldest  recognized  geological  formations,  the  Laurentian 
and  Huronian  ;  the  rocks  of  the  latter  and  more  recent  of  which, 
have  been  observed  to  pass  unconformably  below  the  lowest  of  the 
fossiliferoas  strata  of  the  Silurian  system.  The  contorted  gneiss 
of  the  Laurentian  series,  with  its  associated  micaceous  and  horn- 
blendic schists,  spreads  over  the  country  to  the  south  and  east, 
while  the  slates,  conglomerates,  limestone,  quartzyte  and  greenstone 
of  the  Huronian,  occupy  the  north  and  western  part"  (p.  168). 
The  boundary  between  the  two  coincides  approximately  with  the 
White  Fish  river.  The  immediate  contact  was  nowhere  distinctly 
seen  (168,  171).  In  passing  ''from  the  lower  to  the  higher  forma- 
tion, a  mass  of  rather  coarse  grained  greenstone  was  generally  met 
with.'*  Mr.  Murray  gives,  with  many  doubts,  an  approximate  sec- 
tion of  the  Huronian  series  (p.  172),  from  which  the  following 
statement  (omittiog  interpolated  trap  beds)  is  condensed: 

6.  Quartzyte,  white  and  very  pale  sea-green,  with  beds  of  quartz 
conglomerate,  the  pebbles  generally  white  opaque  quartz, 
but  sometimes  red  and  green  jasper. 
5.  Green,  silicious,  cbloritic  slates,  and  bands  of  quartzyte. 
4.  Slate  coDglomerate. 
3.  A  band  of  limestone,  much  disturbed,  often  brecciated,  pale 

whitish  gray  to  dark  blue. 
2.  Slate  conglomerate,  matrix  always  greenish,  sometimes  slaty, 
sometimes  resembling  a  mjujsive,  fine  grained  greenstone; 
with  many  pebbles  of  white  and  red  syenite,  and  occa- 
sional rounded  masses  of  green,  brown  and  red  jasper. 
1.  Slate,  fine  grained,  green,  silicious  with  thin  bands  of  green 
quartzyte  ;  also,  fine  grained  slates,  sometimes  greenish, 
often  bluish  or  black,  weathering  very  black;  occasionaUjr 
some  layers  of  a  reddish  color. 
The  total  thickness  is  supposed  to  be  about  lO.OW  feet  (p.  186). 

the  rocks  of  this  series  are  genercdly  under  46^,  but 
from  horizontal  to  90^.     The  strikes  vary  from 
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east  northeast  to  west  northwest.  It  appears  to  be  a  region  of  gen- 
eral distarbance.  "  An  immense  mass  of  magnetic  trap  "  was  found 
on  White  Fish  lake.  This  is  aboat  midway  between  lake  Wah- 
napitse  and  island  La  Cloche  in  lake  Huron,  this,  according  to 
Hunt's  analysis,  contains  '*  magnetic  iron  ore,"  magnetic  iron  py- 
rites" and  "  titanif erous  iron.*'  These  facts  remind  one  of  the 
titaniferous  and  magnetic  gabbro  of  northeastern  Minnesota* 
Limestones  are  seen  on  the  shore  of  lake  Panache  (p.  183).  The 
eastern  extremity  of  the  La  Cloche  mountains  is  in  a  white  or 
greenish  quartzyte  (p.  185). 

Director  Logan's  report  dated  3d  March,  1857,  after  summarizing 
the  work  of  Mr.  Murray  for  the  last  five  years,  proceeds  to  trace 
the  limestone  beds  of  the  ''Laurentian  Formation"  in  the  neighbor- 
hood of  Grenville  and  the  Calumet  river. 

Li  a  paper  read  before  the  American  Association,  in  August, 
1857,*  by  Sir  William  E.  Logan  **  On  the  Division  of  the  Azoic 
Socks  of  Canada,  into  Huronian  and  Lmrentian,"  he  speaks  of 
them  confidently  as  ''  a  series  of  very  ancient  sedimentary  deposits 
in  an  altered  condition."  He  refers  to  his  suggestion  of  1845,  to 
separate  the  purely  gneissoid  portion  from  the  portion  consisting 
of  interstratified  gneisses  and  limestones,  but  says  the  evidence 
does  not  permit  him  to  decide  certainly  which  division  is  most 
ancient. 

He  next  refers  to  what  was  published  in  the  report  of  1845,  rela- 
tive to  the  rocks  on  lake  Temiscaming,  consisting  of  silicious  slates 
and  slate  conglomerates,  overlaid  by  pale  sea-green  or  slightly 
greenish-white  sandstone,  with  quartzose  conglomerates.  The 
slate  conglomerates  are  described  as  holding  pebbles  and  bowlders 
(sometimes  a  foot  in  diameter)  derived  from  the  subjacent  gneiss, 
the  bowlders  displaying  red  feldspar,  translucent  quartz,  gr3en 
hornblende  and  black  mica,  arranged  in  parallel  layers  which  pre- 
sent directions  according  with  the  attitude  in  which  the  bowlders 
were  accidentally  inclosed.  From  this  it  is  evident  that  the  slate 
conglomerate  was  not  deposited  until  the  subjacent  formation  had 
been  converted  into  gneiss,  and  very  probably  greatly  disturbed  ; 
for  while  the  dip  of  the  goeiss,  up  to  the  immediate  vicinity  of  the 
slate  conglomerate,  was  usually  at  high  angles,  that  of  the  latter 
did  not  exceed  nine  degrees,  and  the  sandstone  above  it  was  nearly 
horizontal." 

''Li  the  Beport  transmitted  to  the  Canadian  Government  in  1848, 
oa  the  north  shore  of  Lake  Huron,  similar  rocks  are  described  as 

'.  Amnc,  AdD.  Hci..  1867,  IT,  pp.  4447. 
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from  Hm  Minriifirwi  witk  copper  lodes. 
<]f  the  auBe  nlieiovs  slate  aad  slate 
ofsfenile  ixisteadoC  gneisi;  nsOar 
tinMs  sborving  ripple  marks,  soiDe  <]f  the 
pafered  greets  and  similar  qnartaoae 
Mood-red  jasper  pebUea  become  largelj  aringtwi  witk 
white  qoartz,  and  in  great  mnfintaiii 
them.  But  the  aeries  is  here  much  intersected  aad  intefstnlififid 
with  gnwnstooe  trap,  which  was  not  obaerred  on  Lake  Ti 
ing.  These  rocks  are  traced  along  the  north  shore  of  Lake  fli 
from  the  ricinity  of  the  Saolt  Ste  Marie,  for  130  miles  eaat^  Sir 
William  Ligan  ecmtinoes,  and  indicates  the  <»yMt^i^ff  of  the  aame 
ioprmation  northeastward  130  miles  fiBrther,  and  aa  Car  as  the 
Sturgeon  rirer.  The  general  bearing  is  northeast,  and  the  dip 
appears  to  be  almost  northwest 

It  would  be  erroneoos  to  suppose  that  director  Logan  intended, 
in  the  foregoing  citation,  to  saj  that  the  gneias  ia  imtmedioMff 
''snbjacent"  to  the  slate  conglomerate  containing  gnoaaie  pebhlea 
No  contact  between  the  slate  conglomerafte  and  the  sobjaeent 
gneias  had  been  reported  and  it  was  impoasible  to  affirm  that  the 
formation  here  described  was  chronologicall j  sneeeasiie  to  the 
gneiss. 

^'The  g^onp  on  Lake  Huron,**  he  continues,  'Ve  ha^e  computed 
to  be  about  ten  thousand  feet  thick,  and  from  its  rcdume,  its  dis- 
tinct lithological  character,  its  elearl j  marked  date  postmor  to  ttie 
gneiss,  and  its  economic  impcniance  as  a  copper-bearing  Corma- 
tion,  it  appears  to  me  to  require  a  distinct  appellation,  and  a  sep- 
arate color  on  the  map.  Indeed,  the  investigatHm  of  Canadian 
geology  could  not  be  couTeniently  carried  on  without  it  We  have, 
in  consequence,  given  to  the  series,  the  title  of  Huranian." 

"A  distinctive  name  being  given  to  this  portion  of  the  Azcmc  rock, 
renders  it  necessary  to  apply  one  to  the  remaining  portion.  The 
only  local  one  that  would  be  appropriate  in  Canada  is  that  derived 
from  the  Laurentide  range  of  Mountains,  which  are  composed  of  it 
from  Lake  Huron  to  Labrador.  We  have  therefore  designated  it 
as  the  Laureniian  seriea* 

Thus  a  new  meaning  was  given  to  the  term  "J^urentian  series," 
which,  since  1854,  had  included  all  the  Azoic  rocka 

At  the  same  meeting  of  the  American  Association,  Sir  William 
logan  read  a  paper,  ^'Oq  the  probable  subdivision  of  the  Laurqi- 

•See  also,  Ckxnadian  Jimmal,  1S57,  ii.  430-442;  Canadian  NaturaUti  tutd  Gtotogbi,  UR,  tL 
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tian  series  ol!  rooks  in  Canada."*  He  described  two  beds  of  lime- 
stone which  he  had  traced  in  the  b^wnship  of  Grenyille,  on  the 
Ottawa,  running  N.  N.  E.,  with  indications  that  they  belong  to  op- 
posite sides  of  an  overttimed  synclinal,  with  anticlinals  of  gneiss 
and  qaartz  running  parallel  on  the  north  and  the  south.  A  feat- 
ure of  these  and  other  outcrops  of  limestone  "is  the  occurrence  im- 
mediately near  the  limestones,  of  immense  masses  of  lime-feld- 
spaf .  North  of  the  Argenteuil  band,  eight  miles  examined  across 
the  stratification,  consist  almost  entirely  of  it,  in  the  form  of 
Liabradorite.  .  .  Lime-feldspar  is  abundant  at  St.  Jerome,  and 
its  stratified  character  is  conspicuously  displayed — the  beds  run- 
ning parallel  with  the  limestone.  Mr.  Hunt  has  traced  a  band  of 
crystalline  limestone  for  eleven  miles,  running  diagonally  across 
the  township  of  Bawdon,  in  a  north  bearing.  On  the  west  side  of 
this,  lime-feldspar  forms  the  great  bulk  of  the  rock  exposures  for 
twelve  miles  across  the  measures,  and  shows  a  well  marked  strati- 
fication." 

*'In  Chateau  Bicher,  below  Quebec,  a  band  of  limestone  occurs 
about  a  mile  from  the  fossiliferous  deposits,  and  to  the  northwest 
of  it,  lime  feldspars  present  a  breadth  of  eight  miles.  On  an 
island  near  Parry's  Sound,  on  Lake  Huron,  Dr.  Bigsby  observed 
the  occurrence,  in  sHuy  of  the  opalescent  variety  of  Labradorite, 
and  the  name  of  the  mineral  reminds  us  of  the  existence  of  the 
rock  beyond  the  eastern  end  of  the  Province.  It  thus  appears 
probable  that  a  range  of  the  rock  will  be  found  winding  irregularly 
from  one  end  of  the  Province  to  the  other,  of  sufficient  importance 
to  authorize  its  representation  by  a  distinct  color  on  the  map,  and 
a  distinct  designation  in  geological  nomenclatore."  f 

1860.  In  a  letter  to  M.  Barrande,  under  date  of  December  31, 
186G,;|;  Sir  William  Logan  gives  an  exposition  of  the  fauna  of  the 
Quebec  group.  Toward  the  end,  he  notes  some  recent  observations 
which  led  him  to  qaalify  previous  opinions  in  reference  to  the  age 
of  the  Lake  Superior  sandstone: 

"Mr.  Murray  has  this  season  ascertained  that  the  lowest  rock 
that  is  well  characterized  by  its  fossils,  in  the  neighborhood  of 
Sault  Ste  Marie,  near  Lake  Superior,  really  belongs  to  the  Birdseye 
and  Black  Biver  group,  and  that  it  rests  on  the  sandstone  of  Ste 
Marie  and  Lacloche,  the  fossiliferous  beds  at  the  latter  place  being 

•Proc.  Amer.  Assoc.,  1SS7,  Pt.  II,  47-51;  Canadian  Jimmal  1858,  II,  III,  1-5;  Canad.  Nalur. 
JSS7. 11,270-274.  « 

tDr.  J.  J.  Bigsby,  nevertheless,  bas  recorded  the  opinion  tbat  the  Huronlan  and 
lAurentian  systems  are  intimately  relati>d  in  litbologieal  character  and  conformable 
pOBltlon.  The  reference  being  especially  to  the  north  shore  of  lake  Superior  (Quar* 
JbMr.  GtoL  8oc.,  1863,  xix,  36-52). 

tOanadian  Naturalist  and  OeoloffisU  v>  472-7. 


126  EIGHTEENTH  ANNUAL  BEPOBT 

tinged  with  the  red  color  of  the  saDdstone  immediately  below  them. 
These  underlying  Lake  Superior  rocks  may  thus  be  Caloiferous 
and  Potsdam,  and  may  be  equivalent  to  the  Quebec  group  and  the 
black  colored  shales  beneath.  The  Lake  Superior  group  is  the 
upper  Copper-bearing  series  of  that  region  [consisting  of  3.  Pots- 
dam; 2.  Cupriferous;  1.  ''Slate  conglomerates"  eta,  of  lake  Huron], 
and  rests  uDconformably  upon  the  lower  Copper-bearing  series, 
which  is  the  Huronian  system  [as  identified  about  Lake  Superior] 
.  .  .  Professor  Emmons  has  long  maintained,  on  evidence  that 
has  been  much  disputed,  that  rocks  in  Vermont,  which  in  June, 
1859,  I  for  the  first  time  saw  and  recognized  as  equivalent  to  the 
magnesian  part  of  the  Quebec  group,  are  older  than  the  Birdseye 
formation ;  the  fossils  which  have  this  year  been  obtained  at  Quebec, 
pretty  clearly  demonstrate  that  in  this  he  is  right"* 

1863,  No  other  record  on  the  subject  of  pre- Silurian  rocks  ap- 
pears to  have  been  made  by  Sir  William  Logan  until  the  publica- 
tion of  the  Geology  of  Canada,  in  1863.  This  convenient  and 
copious  synopsis  of  Canadian  geology,  has  subsequentiy  been  cited 
for  authority,  instead  of  the  original  reports,  and  in  consequence, 
geologists  have  fallen  into  some  misunderstandings."! 

"The  rocks  which  compose  the  Laurentian  mountains"  writes 
Sir  William  LogaD,  '^were  shown  by  the  Geological  Survey,  in 
1846,  to  consist  of  a  series  of  metamorphic,  sedimentary  strata 
underlying  the  fossiliferous  rocks  of  the  province.  .  .  .  They 
are  altered  to  a  highly  crystalline  condition,  and  are  composed  of 
highly  feldspathic  rocks,  interstratified  with  important  masses  of 
limestone  and  quartzite.  Great  vortical  thicknesses  of  the  series 
are  composed  of  gneiss  containing  chiefly  orthoclase  or  potash 
feldspar,  while  other  great  portions  are  destitute  of  quartz,  and 
composed  chiefly  of  a  lime-soda  feldspar,  varying  in  composition 
from  andesine  to  anorthite,  and  associated  with  pyroxene  or  hyper- 
sthene.    This  rock  we  shall  designate  by  the  name  of  anorthosUeJ* 

It  can  hardly  be  said  that  the  survey  established  the  conclusion 
that  these  rocks  were  sedimentary  in  origin ;  but  it  pointed  out 

*This  remarkable  admission  is  alluded  to  by  M.  Barrande  in  these  words  **  Terms 
so  clear  and  possitive  need  no  commentary.  It  is  a  formal  recognition  by  Sir  W.  JLogan 
of  the  Taconic  system  at  the  base  of  the  lower  Silurian.  Professor  Emmons  oould  not 
wish  the  assent  of  a  more  respectable  authority,  which  cannot  fail  to  secure  the  adhe> 
Blon  of  all  American  ideologists  ("  Documens  anciens  et  nouveaux  sur  la  faune  prl- 
mordiale  et  le  syst6me  Taconique  en  Am^rlque,  Bull.  Soc.  g^ol.  de  Franco,  Seanco,  de 
Fev.  4, 1861,  p.  320),  Sir  William,  nevertheless,  said  only  that  the  ^ales  and  limestones 
of  Qaebeo  and  Georgia  are  mbordinaU  to  the  Potadam—tL  format! A  which  Dr.  Emmons 
'iMver  claimed,  though  as  we  have  seen,  he  consented  to  its  inclusion  In  the  Taoonlc 

^fBtport  of  Proortu  from  it*  Commeneemenl  to  ldr>.i.    Illustrated  by  4W  wood  cuts  in  the 
•ad  accompanied  by  an  atlas  of  maps  and  sections.    Montreal.  1863,  8-vo,  pp. 
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freqaently,  the  evidences  of  saoh  an  origin,  and  certainly  caused 
it  to  appear  probable.  The  anorthosite  rock  referred  to  above  in- 
cludes the  belt  of  Labradorite  described  in  1857,  which  was  made  the 
ground  of  an  "Upper  Laurentian''  or  **Labradorian*'  division.  Of 
this  division  nothing  is  said  in  the  general  report  of  1863.  Speak- 
ing of  the  orthoclase  gneiss,  the  writer  says  : 

*'  A  great  portion  of  the  rock  is  fine  grained,  and  the  constituent 
minerals  are  arranged  in  parallel  layers  ;  no  one  constituent  pre- 
dominates in  any  layer,  to  the  exclusion  of  others ;  but  even  in  their 
subordinate  arrangement,  there  is  an  observable  tendency  to  paral- 
lelism. .  .  .  There  is  a  never-failing  constcmcy  in  respect  to 
their  parallelism  which,  however,  though  never  absent,  is  some- 
times obscure."  .  .  .  Ooarse-grained  beds  of  the  character 
designated  "granitoid  gneiss,"  "  might,  on  first  inspection,  be  mis- 
taken for  igneous,  instead  of  altered  sedimentary  masses.  Upon  a 
careful  study  of  any  such  mass,  however,  it  will  be  perceived  that 
this  reticulated  structure  is  accompanied  by  an  obscure  arrangement 
of  the  meshes  of  the  net-work  into  parallel  lines  which  will  be 
found  conformable  with  the  more  distinctly  banded  portion  of  the 
strata"  (p.  23). 

**  The  greatest  masses  appear  to  be  formed  of  the  coarse-grained 
porphyroidal  gneiss  above  described.  These  rise  into  the  highest 
ridges  and  peaks  of  the  orthoclase  region,  and  generally  constitute 
the  main  body  of  rock  separating  one  important  band  of  limestone 
bom  another.  .  .  .  The  quartz  occasionally  presents  masses  of 
considerable  volume,  two  of  which,  nearly  pure,  occur  in  the  dis- 
trict of  the  Bouge,  a  tributary  of  the  Ottawa,  one  400,  and  the 
other  600  feet  thick.  The  hornblende  often  forms  a  massive  rock; 
a  band  of  it  in  Blythfield  has  a  thickness  of  200  feet.  Mica,  as- 
sociated with  hornblende  and  with  quartz,  characterizes  great 
thicknesses  of  hornblende  and  micaceous  schists." 

"  Though  there  does  not  appear  to  be  any  special  order  in  which 
the  masses  succeed  one  another,  beds  of  hornblende  rock,  and 
hornblendic  schist  seem  often  to  be  more  abundant  near  the  inter- 
stratified  bands  of  limestone  than  elsewhere,  and  in  the  same 
neighborhood,  there  usually  occurs  a  more  ifreqnent  repetition  of 
beds  of  quartzite  than  in  other  parts.  Near  the  limestones,  pyrox- 
ene, which  in  other  parts  does  not  appear  to  be  very  abundantly 
disseminated,  is  occasionally  met  with,  forming  massive  beds" 
(p.  24). 

The  writer  describes  the  distribution  of  garnets  in  the  gneiss, 
and  of  its  passage,  in  one  instance,  into  garnetiferous  quartzite. 
The  masses  of  limestone  are  described,  sometimes  becoming  inter- 
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stratified  dolomytes.  Serpentine  is  found  associated  with  both. 
Pyrallolite,  or  rensselaerite  often  acoompanies  limestone;  and  py- 
roxene and  hornblende  are  sometimes  found  disseminated  in  grains 
or  orystals.  Tremolite  forms  beds  in  it.  Mica  and  graphite  are 
both  generally  present.  Pyrites  is  more  abundant.  Other  min- 
erals are  chondrodite,  apatite,  fluorite  and  oxides  of  iron.  The 
gneiss  is  sometimes  greatly  contorted,  but  the  beds  of  associated 
limestone,  even  when  very  thin,  are  conformable  with  the  beds  of 
gneiss,  and  parallel  with  those  bands  and  streaks  with  which  they 
are  marked  (p.  27).  One  instance  has  been  noted  'Srhere  the 
limestone  of  a  bed  marked  with  grains  of  serpentine,  appeared  to 
have  an  uninterrupted  connection  with  rock  of  an  identical  charac- 
ter filling  up  a  crack  or  fault  in  the  gneiss,  at  right  angles  to  the 
general  direction  of  the  strata"  (p.  28). 

In  a  section  measured  at  the  High  Falls  of  the  Madawaska,  a 
tributary  to  the  Ottawa,  here  presented  as  an  average  section,  there 
are  48  alternations  of  beds,  in  a  total  thickness  of  1351  feet  In 
these,  limestones  occur  six  times,  giving  an  aggregate  thickness  of 
46  feet;  quartzyte  occurs  once,  in  a  bed  ten  feet  thick;  and  ''schis- 
tose gneiss*'  occurs  five  times,  giving  an  aggregate  thickness  of  116 
feet.  At  a  higher  position  in  the  series,  is  said  to  be  a  bed  of 
limestone  100  feet  thick.  At  the  Chenaux,  there  is  more  limestone 
than  gneiss — there  being  a  thickness  of  over  400  feet,  of  which  not 
one- fifth  is  intercalated  gneiss;  while  in  Clarendon,  similar  rocks 
reveal  "a  thickness  of  4000  feet,  about  two-thirds  of  which  consists 
of  crystalline  limestone"  (p.  31). 

Another  phenomenon  of  collateral  interest,  is  thus  pointed  out: 
''Notwithstanding  the  general  highly  crystalline  condition  of  the 
Laurentian  rocks,  beds  of  an  unmistakably  conglomerate  character 
are  occasionally  met  with  among  them.  .  .  .  On  the  twenty- 
fourth  lot  of  the  tenth  range  of  Bastarrl,  a  bed  of  conglomerate 
is  interstratified  between  two  beds  of  limestone.     The  dip  of  the 

strata  at  the  spot  is  30"",  N.  SO""  E."     The  following  is  a  condensed 
section : 

Feet.  Inches. 
7.    Limestone,  white,  coarse 6 

G.    Limestone,  arenaceous,  fine,  very  hard i 

5.    8andBtone,  calcareous,  fine 2 

4.  Conglomeratey  the  matrix  a  fine  grained,  quartzose 
sandstone  somewhat  calcareous,  with  white  feld- 
spar in  grains  and  pebblea    Pebbles  flat,  lying 

on  their  sides 1         6 

3.    Quartzite,  calcareous-granular,  with  calcite 2 

2.  Quartzite,  coarse,  translucent-granular,  with  feld- 
spar and  limestone i 

1.    Limestone,  white,  coarse,  with  graphite  and  mica ..        5 
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In  Madoo,  conglomerate  oooors  again,  with  oaloareoos  matter; 
and  in  a  higher  position  is  a  ridge  '^consisting  of  mioaceous  schists, 
beyond  which,  for  300  yards,  ridges  of  a  decided  conglomeraie, 
with  distinctly  rounded  pebbles,  enveloped  in  a  matrix  of  micace- 
ous schist,  alternate  with  ridges  of  schist  containiug  few  or  no 
pebbles."* 

''Still  farther  north,  another  band  of  conglomerate  occurs,  as- 
sociated with  fine  grained,  soft,  micaceo-silicious,  f  eldspathic  schist. 
The  matrix  of  the  conglomerate  weathers  white,  and  appears  to  be 
a  dolomite.  The  pebbles,  of  which  the  largest  may  be  six  inches 
in  diameter,  are  chiefly  quartz,  but  there  are.  also,  pebbles  or  mas- 
ses of  feldspar,  and  a  few  of  calc-spar.  The  quartz  pebbles  are  for 
the  most  part,  distinctly  rounded,  and  their  colors  various,  some  being 
internally  bluish,  some  white,  and  others  pinkish.  The  feldspar  is 
red  and  white,  and  the  calcspar  white.  The  dip  of  the  rocks 
appears  to  be  southward  of  east,  but  the  slope  is  irregular,  and 
may  probably  be  35°  or  40°"  (p.  33. )t 

The  anorthosite  rocks  are  fully  described.  Their  bedding  is 
very  obscure,  but  they  occur  in  belts  conformable  with  the  lime- 
stones and  the  orthoclase  gneisses.  The  hypersthene  rock  of  north- 
em  New  York,  and  of  the  Isle  of  Skye,  are  pronounced  of  the 
same  character.  Near  Bay  Saint  Paul,  is  a  mass  of  titaniferous 
iron  ore  in  the  anorthosite,  90  feet  in  width,  by  about  300  feet  in 
length  (p.  85.) 

The  following  is  a  synopsis  of  a  general  section  across  a  portion 
of  the  Laurentian  (p.  45:) 

Feet. 
10.    AnorthoBite  above  the  Morin  limestone  (oonjeot- 

tural) 10,000 

9.    Orthoclase  gneiss  (and  a  band  of  quartz) 3,400 

8.    Proctor's  Lake  limestone 20 

7.    Orthoclase  ffneiss 1,680 

6.    QrenviUe  limestone 750 

5.    Orthoclase  f^^neiss 3,500 

i.    Gkeat  Beaver  Lake  and  Qreen  Lake  limestone 2,590 

3.    Orthoclase  fn^eiss .• 4,000 

2.    Tremblinfir  Lake  limestone , 1,500 

L    Orthoclase  gneiss  of  Trembling  Mountain 5,000 

32,750 


*Mr.  Macfarlane  subsequently  describing  these  conglomerates,  says  they  are 
"Uthologlcally  not  unlike  some  of  the  Huronian  rook."  Whereupon,  Sir  W.  E.  Logan, 
in  a  note  replies:  ''Itisnotto  be  inferred  from  the  presence  in  them  of  a  schistose 
conglomerate,  that  therefore,  they  are  Huronian**  (Oeology  of  Canada^  1866,  p.  03.) 

tSir  William  Logan  never  omits  mention  of  these  conglomerates,  when  having  oc- 
casion to  furnish  a  synopsis  of  the  Laurentian.  See,  for  Instance,  his  announcement 
of  organic  traces  {Quar.Jour.  OetA.  Soe,  Lond.,  Feb.  1865.) 
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In  reference  to  the  Huronian  series,  Sir  William  Logan  makes 
statements  from  which  the  following  extracts  are  drawn  (p.  90:) 

''On  Lake  Temiscaming,  the  Laurentian  orthoclase  gneiss  is 
followed  by  a  slate  conglomerate.  The  finer  parts  of  the  rock  are 
dark  gray,  weathering  to  dark  green;  they  are  of  a  uniform  grain, 
and,  being  at  the  same  time,  argillaceous  and  silicious,  they  pres- 
ent the  characters  of  a  hard  compact  slate.  Some  parts  not  so  fine 
in  texture,  are  a  hard,  dark  gray  sandstone  weathering  to  a  dingy 
olive  green.  In  both  cases,  the  rock  frequently  exhibits  the  char* 
acter  of  a  compact  conglomerate,  holding  pebbles  and  bowlders, 
sometimes  a  foot  in  diamater,  of  the  subjacent  gneiss,  from  which 
they  appear  to  be  principally  derived."* 

Some  other  conditions  of  the  formation  are  described  as  finer 
textured,  penciled  in  transverse  fracture  by  fine  colored  lines;  an- 
other as  a  "very  close  grained,  compact,  dark  gray  mica  slate. 
When  cleavage  exists,  the  planes  cut  the  pebbles  in  common  with 
the  matrix.*'  It  is  never  fit  for  roofing  slates.  To  this  slate  conglom- 
erate succeeds  a  quartzy te,  apparently  400  to  600  feet  thick. 

''On  the  Sturgeon,  Wahnapitse  and  Whitefish  rivers,  there  is 
usually  interposed  between  the  Laurentian  gneiss  and  the  recog- 
nized  Huronian  rocks,  a  mass  of  rather  coarse  grained  greenstone 
or  diorite." 

The  general  section  in  the  region  of  these  three  rivers,  north- 
east of  lake  Huron,  and  stretching  to  lake  Wahnapitfe — is  repre- 
sented by  the  following  abstract  (p.  52): 

5.  Quartzite,  white  and  greenish,  with  beds  of  quartz  conglom- 
erate. 

4.     Slate  conglomerate. 

3.     Limestone,  much  shattered  and  disturbed. 

2.     Slate  conglomerate. 

1.  Silicious  strata,  fine  grained,  with  greenish  quartzite  inter- 
stratified. 

In  theregioQ  nearer  lake  Huroi,  and  along  the  northern  shore 
westward,  lies  the  typical  part  of  the  Huronian.  As  to  its  relations 
with  the  Laurentian,  we  have  from  the  Canadian  geologists,  only 
the  following  information  (p.  55): 

"On  the  coast  line,  between  the  Mississagui  and  the  Thessalon 
rivers,  a  distance  of  about  25  miles,  the  gneiss  extends  from  within 

♦But  it  wilHie  reinem])ere{l  thut  no  contact  between  these  w>-CHll€»d  conglomerates 
and  the  older  gneisses  had  been  observed :  nor  has  it  to  tills  day.  Nor,  if  such  observa- 
tion  had  been  made,  would  the  circumstance  prove  these  "oonglomerat-es"  In  Immedi- 
ate chnmolojclcal  succession  to  the  ffneiss.  Palaeozoic  limestones  w^ere  f requeutl j  ob> 
served  resting  on  gneiss,  in  the  progrt»ssof  the  Canadian  survey.  The  pebbles  in  this 
conglomerate  may  have  ])een  derived  from  the  gneiss,  and  laid  down  on  the  gneiss, 
after  the  interposition  of  the  events  of  a  geologic  age  of  land  history. 
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abont  four  miles  of  the  former,  to  within  about  the  same  distance 
of  the  latter;  but,  it  is  very  much  disturbed  by  intrusive  granite  and 
greenstone,  and  although  there  are  great  exposures  of  rock,  it  is 
very  difficult  to  make  out  how  the  stratified  portions  are  related  to 
one  another.  The  gneiss  extends  to  the  vicinity  of  a  small  stream, 
about  a  mile  and  a  half  above  Les  Grandes  Sables,  and  what  is 
supposed  to  be  the  lowest  Huronian  mass  of  that  part,  occurs 
about  half  a  mile  above  the  stream.  It  consists  of  a  gray  quartzite 
which  abuts  against  one  mass  of  gneiss  and  runs  under  another, 
and  appears  to  be  much  broken  by,  and  entangled  among,  the  in- 
trusive rock;  but  judging  from  a  transverse  measure  in  one  part, 
its  thickness  would  not  be  far  from  50J  feet  Farther  west,  after 
passing  an  exposure  of  stratified  amygdaloidal  trap,  which  would 
apparently  overlie  the  [this]  quartzite,  the  rocks  for  about  two 
mUes  east  of  the  Thessalon,  appear  to  consist  of  green,  fine  grained 
chloritic  and  epidotic  slate  ("diabase  slate"]  alternating  with 
masses  that  have  the  aspect  of  trap." 

The  following  is  an  abstract  of  the  general  section  in  this  region 
(pp.  56-7): 

Feet. 

la.    White  quartzite 400 

12.    Yellowish  chert  and  impure  limestone 200 

11.    White  quartzite,  frequently  vitreous 1,600 

10.  Yellowish  chert,  with  thin  and  very  regular  beds. .     400 

9.    White  quartzite,  frequently  vitreous 2,970 

8.  Bod  jasper  oonglomerates.    Sometimes  fine  white 

quartzite.    Greenstones  intercalated 2,150 

7.    Bed  quartzite  with  interstratified  greenstones 2,300 

6.  Slate  COD  glomerate  with  interstratified  greenstones  3,000 

5.  Limestone,  compact,  green,  drab  or  gra7,thin  bedded     300 

4.    Slate  conglomerate  [as  previously  described] 1^280 

3.    White  quartzite,  sometimes  pebbly 1,000 

2.  Chloritic  and  epidotic  slates  [probably  eruptive].. .  2,000 

1.    Gray  quartzite,  thickness  doubtful 500 

18,000 
It  will  be  desirable  to  contemplate  the  above  section   separately 
from  the  section  of  *'Huronian"  rocks  reported  from  the  north  shore 
of  lake  Superior.     It  is  quite  possible  that  the  two  sections  relate 
to  rocks  belonging  to  different  geological  ages. 

"  On  lake  Superior,  the  Laurentian  gneiss  is  succeeded  by  slates 
generally  of  a  dark  green  without,  and  often  of  dark  gray  in  fresh 
fracture,  which  at  the  base  appear  occasionally  to  be  interstratified 
with  beds  of  a  feldspathic  character,  of  the  reddish  color  belonging 
to  the  subjacent  gneiss.  Sometimes  these  beds  are  a  combination 
-10 
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of  feldspar  and  qaartz,  occasionally  with  the  addition  of  hornblende 
and,  in  some  of  the  beds,  the  hornblende  predominating,  givee 
them  a  general  green  color.  Some  of  the  beds  have  the  character 
of  diorite ;  others,  that  of  mica  slate,  and  a  few  present  that  of 
quartzite"  (p.  52).    . 

These  seem  to  be  identical  with  the  lowest  rooks  of  the  iron- 
bearing  series  of  Vermilion  lake,  a  part  of  Lawson's  Keewatin. 
They  exhibit  the  well-known  transition  from  Laorentian  gneiss  to 
crystalline  schists.    The  mica  schist  is  *'  nascent." 

"  Bising  in  the  series,  the  dark  green  slates  become  interstratified 
with  layers  holding  a  sufficient  number  of  pebbles  of  different 
kinds,  to  constitute  conglomerates.  The  pebbles  appear  to  be  all 
derived  from  altered  rocks ;  they  greatly  vary  in  size  in  different 
places,  and  occHsionally  measure  a  foot  in  diameter.  Where  the 
slate  conglomerates  have  been  worn  by  the  action  of  water,  the 
pebbles  are  generally  worn  down  equally  with  the  rest  of  the  surface; 
and  though  a  very  distinct  picture  of  them  is  presented  on  such  a 
surface,  where  the  water  or  weather  appears  to  have  had  an  influ- 
ence in  bringing  out  a  well  defiued  contrast  in  colors  between  the 
pebbles  and  the  slate,  at  the  same  time  producing  a  contrast  be- 
tween parallel  bands  of  the  slate  on  the  terminal  edges  of  the 
laminae,  it  yet  often  happens,  unless  the  pebbles  are  of  white 
quartz,  that  they  are  very  obscurely  distinguishable  on  fracturing 
the  rock  —  both  the  pebbles  and  the  matrix  having  a  gray  color, 
and  showing  very  little  apparent  difference  in  mineral  character. 
On  some  of  these  pictured  surfaces,  small  opaque,  white  feldspathic 
crystals  occasionally  spot  the  whole  surface  of  the  rock  —  the  peb- 
bles equally  with  the  slaty  matrix.  The  rock  has  nowhere  on  the 
lake  been  observed  to  display  true  slaty  cleavage,  independent  of 
the  bedding ;  but  it  often  exhibits  a  jointed  structure,  and  the  di- 
visional planes  cut  through  the  pebbles  without  the  smallest  deflec- 
tion."* (pp.  52  and  53). 

It  is  impossible  to  identify  this  description  with  the  description 
of  the  Huronian  rocks  north  of  lake  Huron.  There  are  some  cir- 
cumstances which  readily  explain  the  course  taken  by  the  Canadian 
geologists,  but  the  identification  made  as  early  as  1848,  has  perpet- 
uated misconceptions,  and  bred  unintelligible  confusion.  I  have 
some  confidence  that  we  may  be  near  the  solution  of  the  puzzle. 

♦  Tho  wliolo  of  the  above  description  applies  exactly  to  the  lower  part  of  the  "Ogish- 
ke  Conglomerate,"  on  the  shores  of  Ogishke  Muncie  or  Kingfisher  lake,  in  Minnesota. 
eighty  miles  west  of  Thunder  bay.  I  shall  return  in  the  sequel,  to  a  discussion  of  this 
identification.  The  stratlgraphical  position  of  the  **  Ogishke  Conglomerate*' has  been 
in  doubt ;  but  if  this  parallelism  is  correct,  it  belongs  near  the  bottom  of  the  Vermtl* 
Ion  lake  iron-bearing  schists. 
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The  same  basal  slaty  conglomerate  occurs  at  other  points  along 
the  north  shore. 

'*  A  considerable  thickness  of  these  conglomerate  or  pebbly  slates, 
is  exposed  at  the  month  of  the  river  Dor6,  near  Gros  Cap,  about 
five  miles  above  the  mouth  of  the  Michipicoten  river.  The  strike 
of  the  rock  is  very  regular,  being  about  east  and  west,  while  the 
dip  is  highly  inclined,  the  beds  being  not  more  than  from  ten  to 
fifteen  degrees  from  a  vertical  attitude ;  but  the  slope  is  for  part  of 
the  distance,  to  the  north,  and  for  the  remainder,  to  the  south ; 
there  is  not,  however,  supposed  to  be  any  repetition  of  the  mea- 
49ureB,  which  are  given  in  descending  order"  (p.  53). 

Feet. 

21.    Green  slate  rock,  with  a  few  scattered   pebbles 

through  some  parts  of  it,  in  other  parts  con- 

glomeratio ;  the  sedimentary  layers  not  distinctly 

marked;  rock  with  a  jointed  struoture;  joints 

cutting  straight  through  the  pebbles 40 

20.    Green  pebbly  slate ;  edges  of  laminse  well  marked, 
prodacing  a  ribboned  appearance;  pebbles  chiefly 

gneiss,  granite  or  syenite 800 

19.    Green  slate  rock  similar  to  20  and  21 650 

18.    Ghreen  pebbly  slate 170 

17.    Measures  covered  by  sand 90 

16.    Green  slaty  conglomerate,  with  large  pebbles  of 

igneous  or  altered  rock 16 

16.    Green  slate  rock  with  many  pebbles 80 

14.    Green  slate  with  finer  pebbles. 40 

13.    Green  slate  rock,  with  scattered,  large  pebbles ....        10 

12.    Green  slate  rock,  like  13 130 

IL    Green  slate  conglomerate,  with  boulders  sometimes 

a  foot  in  diameter,  in  a  slaty  matrix 6 

10.    Measures  concealed  by  sand 30 

9.    Green  slate  rock  with  many  pebbles 80 

8.    Green  sl<tte  rock  with  pebbles 80 

7.  Measures  concealed  by  sand. 20 

6.    Green  slate  rock,  very  pebbly,  sedimentary  layers 

finely  waved,  water  worn  surface  much  pitted ...  80 
6.    Green  slate  rock,  bedding  very  even,  appears  to  be 

somewhat  talcose  toward  the  top 20 

4.    Green  slate  rock  like  5 15 

8.  Green  slate  rock  with  even  bedding,  slightly  unctu- 

ous and  talcoid  in  several  of  the  divisions 20 

2.    Green  slate  rock,  a  few  ssattered  pebbles  in  parts, 

fiattened  in  direction  of  the  strata 90 

1.  Green  slate  roc&  with  large  pebbles  and  small 
boulders  of  granite  or  gneiss,  quartz  and  a  chert- 
like stone  (p.  54) 35 

1,700 
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The  foregoing  section  is  almost  a  continuous  "  slate  conglome- 
rate," or  pebbly  slate,  and  but  for  the  so-called  ''  talcose*'  matter, 
might  hastily  be  identified  with  the  slate  conglomerate  of  the  Thee- 
salon  iralley.  But,  as  will  be  shown,  it  is  a  different  slata  The 
descriptions  again  apply  to  the  Ogishke  conglomerate.  In  Minne- 
sola,  this  conglomerate  is  only  one  member  of  the  iron-bearing 
series.    In  accordance  with  that  fact,  Sir  William  Logan  adds : 

"  At  the  Dor^t  a  much  larger  amount  of  the  slate  formation  than 
is  here  given  comes  in  behind  the  preceding  section  ;  but  it  was  sa 
coyered  with  trees  and  moss,  at  the  time  of  the  examination,  that 
it  was  found  impossible  to  follow  out  the  details.  Toward  the 
lower  part,  it  assumes  more  the  character  of  the  gneiss  which 
usually  succeeds  it,  and  becomes  interstraiified  with  reddish-yellow 
teldspathic  layers ;  but  sufficient  data  have  not  yet  been  ascertained 
to  determine  what  may  be  the  total  thickness  of  the  slate  rock  in 
this  part,  though  it  must  probably  attain  several  thousand  feet*^ 
(p.  54). 

Other  localities  on  lake  Superior  where  slate  conglomerates  and 
jasper  conglomerates  occupy  a  similar  position,  are  between  the 
Gh>ulais  river  and  Batchewahnung  bay.  The  same  seem  to  extend 
along  the  shore  of  the  Michipicoten  river,  on  each  side,  eight  or 
nine  miles.  It  occurs  also,  a  little  farther  west  on  the  coast,  and 
again  about  five  miles  south  of  Otter  Head  (p.  63). 

"Another  locality  is  Thunder  bay,  where  they  occupy  the  coast 
for  a  distance  of  ten  miles,  immediately  below  the  mouth  of  the 
Kaministiquia  river,  on  the  north  aide,  leaning  in  a  narrow  strip 
against  the  gneiss  of  the  lower  series.  It  is  not  improbable  that 
they  may  present  a  narrow  belt  in  the  valley  of  the  Kaministiquia 
They  occupy  the  coast  for  about  seven  miles  on  each  side  of  the 
New  Pic  river;  while  an  interval  from  this  to  a  point  two  miles  be- 
yond the  Old  Pic  river,  including  the  coast  of  Peninsula  Bay  and 
Harbor,  and  Pic  island,  is  composed  of  trap.  Beyond  this,  the 
chloritie  slates  occupy  about  fifteen  miles  of  the  coast,  extending  to 
the  neighborhood  of  the  deep  cove  which  receives  the  Pike  river" 
(p.  64). 

A  characteristic  feature  of  the  Keewatin  iron-bearing  series  is 
indicated  in  the  description  of  the  junction  of  these  rocks  with  the 
gneiss  on  the  Kaministiquia  river,  in  the  vicinity  of  the  Grand 
Falls: 

"At  the  lower  end  of  the  portage,  where  the  series  makes  its  ap- 
pearance, the  rock  resembles  a  massive  syenite,  in  some  parts  red, 
and  in  others,  whitish,  but  is  probably  a  hornblendic  gneiss  in 
which  the  lamellar  arrangement   of   the  constituent   minerals  is 
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obsoare.  as  the  rook  gradually  passes  into  suoh  a  gneiss.  Besting 
on  it  conformably,  there  occurs  a  series  of  dark  greenish  blue,  or 
greenish  black  slates,  the  one  rock  passing  almost  imperceptibly 
into  the  other,  .  .  At  each  rapid  part  of  the  river  above  the 
Grand  Falls,  there  is  a  greater  or  less  development  of  these  rocks, 
most  frequently  presenting  the  more  distinctly  stratified  part  of  the 
.gneiss.  The  best  exposure  of  the  slate  is  at  the  Three  Discharges, 
about  four  miles  above  the  Grand  Falls,  where  the  rocks  are  ob- 
served to  pass  from  the  gneiss  to  the  slate.'*  The  vertical  thickness 
•at  this  place  is  about  2,300  feet. 

"Toward  the  bottom,  near  the  juncticm  with  the  gneiss,  the  slates 
are  of  a  bluish  and  occasionally  of  a  brownish  color.  They  are 
intersected  by  numerous  parallel  joints  which  divide  the  mass 
into  rhomboidal  forms  of  singular  regularity.  The  middle  and 
«ipper  portions  of  the  section  are  usually  of  a  piatachio  green,  re- 
sembling the  green  of  epidote,  and  frequently  in  part  present  a 
jaspery  character.  They  are  hard  and  compact,  usually  with  a 
conchoidal,  but  sometimes  with  a  splintery  fracture.  The  divisional 
planes  are  frequently  covered  with  mica,  and  in  such  cases,  the 
rock  may  almost  be  termed  a  mica  slate"  (p.  65).  Similar  rocks 
•continue  as  far  as  Dog  lake. 

The  foregoing  description  applies  perfectly  to  the  passage  from 
the  iron-bearing  formation  to  the  gneisses,  as  observed  in  a  hun- 
dred places  in  northeastern  Minnesota.  No  structural  unconform- 
ity exists,  as  a  fact  of  present  observation.  It  is  not  intended  to 
■assert,  however,  that  it  never  existed. 

The  schists  observed  along  the  north  shore  of  lake  Huron,  in 
which  the  Bruce  and  Wellington  and  Wallace  mines  were  worked, 
•constitute  Logan's  ''Lower  Copper-bearing  series."  As  these  were 
identified  with  the  series  of  slates  just  described,  they  were  also 
made  to  represent  the  Lower  Copper-bearing  series.  Neither  series 
could  be  identified  with  the  copper  rocks  of  the  south  shore  of 
lake  Superior.  But  as  those  rocks  were  observed  on  the  north 
shore  at  a  higher  stratigraphic  level,  they  were  demoninated  by 
Logan  the  ''Upper  Copper-bearing  rocks."  But  in  thus  fixing  par- 
allelisms, he  strangely  overlooked  the  importance  of  a  series 
between  the  proper  Cupriferous  rocks  above  and  the  pseudo-Cuprif- 
erous rocks  below.  These  were  the  real  Lower  Copper-bearing 
Tocks,  though  Logan  joined  them  to  the  Upper,  or  south  shore 
Gupriferous.  His  treatment  of  the  so-called  "Upper  Cupriferous 
rocks"  will  appear  from  a  few  extracts. 

'^he  Huronian  formation  of  Lake  Superior  [the  real  iron-bear- 
ing series]  is  unconformdbly  overlaid  by  a  second  series  of  copper- 
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bearing  rocks,  which  may  be  conveniently  divided  into  twogronpB. 
Of  these  the  lower  consists  of  bluish  slates  or  shales  interstratified 
with  sandstones  and  beds  of  columnar  trap;  and  the  tipper,  of  a 
succession  of  sandstones,  limestones,  indurated  marls  and  conglom- 
erates, also  interstratified  with  trap  which  is  often  amygdaloidal'" 
(p.  67). 

The  following  is  a  characterization  of  the  lower  group  of  the 
Upper  Copx)er- bearing  series,  (p.  67): 

''The  base  of  the  formation  where  seen  in  Thunder  Bay,  in  con- 
tact with  the  subjacent  green  slates  or  slate  conglomerates,  presents 
conglomerate  beds  probably  of  no  great  thickness,  composed  chiefly 
of  quartz  pebbles,  with  a  few  of  red  jasper,  and  some  of 
greenish,  chloritic  slate,  in  a  greenish,  arenaceous  matrix,, 
consisting  of  the  same  materials  in  a  finer  condition.  These 
are  followed  by  a  set  of  very  regular,  even  layers  of  ohert^ 
sometimes  approaching  a  chalcedony,  varying  in  color  from 
nearly  white,  through  different  shades  of  gray  to  black,  and  in 
thickness,  from  less  than  half  an  inch  to  six  inches,  and  even  a  foot 
These  are  separated  from  one  another  by  thin  layers  of  dark  gray 
dolomite,  weathering  rusty-red  and  present  a  striking  ribbon-like 
appearance.  Occasionally,  thicker  beds  of  dolomite  occur,  some- 
times highly  crystalline,  separating  aggregated  bandsof  the  ribbon- 
like strata;  and  these  dolomitic  beds,  as  well  as  the  chert  bands^ 
are  sometimes  interstratified  with  argillaceous  layers"  (p.  67). 

''In  the  vicinity  of  disturbed  parts,  the  chert  sometimes  passes 
into  chalcedony  and  agate,  and  small  cracks  are  filled  with  what 
appears  to  be  anthracite.  Some  of  the  chert  bands  appear  to  be 
made  up  of  a  multitude  of  minute,  irregular,  closely  aggregated,, 
sub-globular  bodies,  floating  as  it  were,  in  the  silicious  matrix. 
Anthracite  seems  to  be  present  in  the  centre  of  some  of  these,  lead- 
ing to  the  supposition  that  the  color  of  the  black  chert,  even  where 
these  shapes  are  not  detected,  may  be  owing  to  the  presence  of 
carbon.  In  some  parts  of. these  oOlitic  chert  layers,  small  blood- 
red  jasper  spots  occasioaally  become  interstratified  with  the 
black.     .     .     . 

''Higher  in  the  formation,  argillaceous  slates  become  interstrati- 
fied with  argillaceous  sandstones  in  such  an  ealterd  condition  that 
it  is  often  difficult,  at  first  sight,  to  say  whether  the  latter  may  not 
be  trap  layers.  .  .  In  some  parts  of  the  vertical  thickness,  cal- 
careous layers  are  occasionally  interstratified  among  the  slates,  bat 
few  of  them  are  pure  enough  to  be  entitled  to  the  appellation  of 
limestones.  .  .  "On  the  Kaministiquia,  the  lowest  part  of  the 
formation  occurs  near  Grand  Falls.    Its  immediate  junction  with 
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fhe  rook  on  which  it  rests  is  concealed  from  view.  .  .  The  ar- 
gillaoeoos  strata  visibly  reach  to  within  a  short  distance  of  the 
pond  [in  which  the  junction  is  supposed  to  occur]  (p.  68). 

''The  general  color  of  the  rock  is  here  black,  weathering  to  a 
rosty  brown.  Some  of  the  beds  being  soft  and  shaly,  are  easily 
decomposed  by  atmospheric  influences,  while  the  mass  is,  for  the 
most  part,  a  hard  argillaceous  slate.  The  whole  formation  appears 
to  be  more  or  less  calcareous,  and  among  the  lower  members,  thin 
beds  of  magnesian  limestone  occur,  sometimes  alternating  with 
thin  beds  of  black  chert"  (p  68-9). 

"In  Thunder  bay,  and  on  the  coast  aboye  it,  trap  bands,  conform- 
able with  the  stratification,  are  interstratified  in  several  parts  of 
the  formation,  but  they  occur  in  greatest  thickness  toward  the 
bottom,  not  far  above  the  chert-beds,  and  at  the  summit,  overlying 
the  whole  of  the  mass. .  .  In  all  cases,  the  trap  presents  a  very  strik- 
ing sub-columnar  structure  at  right-angles  to  the  plane  of  the  strati- 
fication; and  the  crowning  overflow  gives  a  peculiar  aspect  to  the 
whole  region  occupied  by  the  formation  to  which  it  belongs.  The 
overflow  is  from  200  to  300  feet  thick,  and  the  whole  of  the  associ- 
ated rocks,  to  the  base  of  the  formation,  may  possess  a  volume  of 
between  1,500  and  2,000  feet."  (pp.  69,  70). 

The  foregoing  is  a  good  description  of  the  black  slates 
and  the  slate-couglomerate  of  the  so-called  Huronian  series 
north  of  lake  Huron.  In  the  latter  region,  columnar  trap* 
(or  gabbro)  does  not  constitute  a  persistent  "crowning  overflow",  as 
far  as  the  descriptions  given  by  the  survey  indicate,  but  interbed- 
ded  traps  are  present,  and  the  lithological  characters  of  the  form- 
ation— the  black  shale,  the  cherty  and  flinty  layers,  the  oOlitic 
structure,  the  even  beds,  the  proximate  horizontality— and  no  other 
known  formation  about  lake  Superior  presents  aoy  close  resem- 
blance to  the  Huronian  strata.  These  black  slates  of  Thunder  bay, 
moreover,  are  now  known  to  extend  westward  into  Minn3sota,  and 
to  overlie  unconformably  a  mass  of  vertical,  sub-crystalline  schists 
in  the  same  manner  as  at  Thunder  bay. 

As  to  the  upper  group  of  the  Upper  Copper-beariug  series,  little 
seeds  to  be  said  here,  as  this  is  the  well  known  Cupriferous  series 
of  the  south  shore,  consisting  chiefly  of  intercalated  beds  of  sand- 
stone, conglomerate  and  trap,  with  occasional  beds  of  limestone, 
and  attaining  an  aggregate  thickness  of  6,000  to  10,000  feet  The 
trap  is  often  amygdaloidal,  and  native  copper  occurs  in  irregular 
grains  and  strings  and  masses  up  to  ten  pounds  in  weight  Sir 
William  Logan's  discussion  of  this  formation  does  not  possess 
theoretical  significance. 
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In  an  appendix  to  the  report  of  1863,  Sir  William  Logan  atateB 
that  ''the  Taconio  syBtem  of  Emmons,  which  he  supposed  to  be  a 
distinct  series  of  rocks  more  ancient  than  the  Potsdam,  appears  to 
consist,  for  the  f^n^eater  part  at  least,  of  the  strata  of  thn  PotBdam 
and  Qnebec  groups.  The  Upper  Copper-bearing  rocks  of  lake 
Superior  are  regarded  as  occupying  the  position  of  the  Quebec 
group,  to  which  they  bear  some  resemblance  in  lithological  and 
mineralogical  characters.  They  may,  perhaps,  include  the  Pots- 
dam group."*    [Compare  the  views  of  Foster  and  Whitney.] 

The  following  is  a  summary  of  Sir  William  Logan's  successive 
views  on  the  classification  of  the  Azoic  rocks  of  Canada: 


DIVISIONS  OF  AKCHJEAN  ROCKS  RECOGNIZED  BY  LOGAN. 


Metamorphlc  Series 

Lower  Group.  I  Upper  Groap  (Lake  Sup) 

Gneiss,  Mica  slate.  ]  Quartz  rock,  etc. 

Granitic  or  Metamorphio  Group...' 

Metamorphlc  or  Gneissold  Group 

Metamorphlc  Group 

Gneiss,  etc.  I  Cambrian. 

Laurentian    Series 

Laurentlan  Formation. 
Laurentian  I  Upper  Laurentian 

I     or  Labradorian. 
Laurentian. 


PUBUCATIOS. 


Huronlan  Series  (Murray). 


Laurentian  Series. 


Huronlan. 

Huronlan.     I  Upper  Copper- 
(Lower  Cop-     bearinfir  rocks 
per  bearing  I 
rockM.)  I 

I  Upper  Copper- 
I  l)earing  rocks. 

r 

I  (Quebec  group) 
I  Lower  I  Upper 
I  group  1  gmup 


Huronlan 
Series. 


1M5. 
1HI«. 

1847. 

(1848)  I860. 
(1819)  1890. 
1851. 

(1851)  18n2. 
(185^)  1854. 
(18S3-7)  185: 

1857. 


(1863). 


1866. 


Note.— Datt's  of  prfsontatlon  of  reports  are  placed  in  pairenthe.ses. 

One  of  the  important  features  of  the  volume  on  the  Geology  of 
Canada,  1863,  was  the  introduction  of  the  "Quebec  Group."  sup- 
posed to  be  a  group  of  strata  occupying  a  position  between  the 
characteristic  part  of  the  Calciferous  and  the  Hudson  Kiver  shales, 
and  specially  investigated  in  the  vicinity  of  Quebec.  Sir  William 
Logan  was  so  good  a  physical  geologist  that  when  he  had  given  his 
sanction  to  the  proposal,  a  strong  predisposition  was  given  to 
American  opinion.  Thus  the  Quebec  group  had  the  sanction  of 
James  Hall,  E.  Billings  and  T.  8.  Hunt,  and  found  admission  to  the 
second  edition  of  Dana's  "Manual  of  Geology."  We  have  seen, 
however,  what  misgivings  on  the  subject  were  entertained  by  pro- 
fessor Hall,  and  bow  he  permitted  his  respect  for  Sir  William 
Logan  to  compromise  his  own  paleBontological  convictions.  The 
"Group"  remained  a  stumbling-block  and  an  enigma  in  American 
geology  until,  failing  in  prestige  during  the  last  decade,  it  received 
its  jSnal  coup  de  grace  at  the  hands  of  the  Survey  itself,  in   1889.t 

*Uoolo}?y  of  Canada.  ISTi:^,  p.  934. 

tSec'ond  Report  on  the  Oeolopy  of  a  portion  of  the  Province  of  Quebec.  R.  W.  Ells. 
0«oZ.  Sur.  Catuula,  Annual  Hepttrt.  1S«7-8S.  Montn»al  1H80. 
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It  would  be  profitless  to  pursue  the  history  of  an  opinion  whioh 
has  already  lost  its  hold  on  credence,  eveh  if  were  the  purpose  of 
the  present  memoir  to  deal  with  discussions  exclusively  palseonto- 
logical.  But  the  rocks  have  been,  in  some  regions,  so  cpnfounded 
with  those  of  the  so-styled  Taconic,  that  the  investigation  of  the 
latter  involves  a  review  of  opinion  on  the  former.  For  the  con. 
yenience  of  the  student,  therefore,  the  titles  of  the  principal  papers 
bearing  on  the  discussion,  are  here  appended* 

•1861.    Logan,  Sir  W.  E. 

In  ^'Correspondence  of  Joachim  Barrande.  Sir  William  Logan  and  James  Hall. 

on  the  Taconic  System,  and  the  Age  of  the  Fossils  found  in  the  Rock  of 

northern  New  England  and  the  Quebec  Group  of  Rocks."  Amer.  Jour.  Sei. 

II,  XX xi.  210-226. 

1862.  Logan.  W.  E. 

Determination  of  Age  of  Quebec  Rocks.  Amer.  Jitwr.  Scl..  II,  xxxili,  105-6. 
1H62.    Logan.  W.  E. 

Considerations  relating  to  the  Quebec  Group  and  the  Upper  Copper*bearing 
Rocks  of  Lake  Superior  (Read  before  Montreal  Nat.  Hist.  .^oc.).  Amer.  Jmir, 
Sei.,  II.  xxxlii.  320-327. 

1863.  Logan.  W.  E. 

The  Quebec  Group.    Geology  of  Canculu,  ISKi,  pp.  22.'>-3!)7. 
1863.    Logan.  Sir  W.  E. 

Letter  addressed  to  Mr.  Joachim  Barrande.  on  the  Quebec  Group  at  Point  Ldvis. 
Montreal,  pp.  1-14.    Reprinted.  Amer*  Jour,  Sei.,  II,  xxxvi,  366-377. 
1866.    Logan.  Sir  W.  E. 

The  Quebec  Group  and  Its  Divisions.    Catuida  Report.  1863-6,  pp.  4-(i. 
1866.    Richardson,  James. 

Divisions  of  the  Quebec  Grouo.    Canad.  Rep.,  1863-6.  pp.  20-34. 

1870.    Richardson,  James. 

Report  on  the  South  Shore  below  Quebec  [Rocks  of  the  Quebec  Group].  Catuui. 
Rep.,  1866-1869,  pp.  llV-140. 

1873.  Selwyn.  A.  R.  C. 

Note  of  a  Pielimlnary  Geological  Reconnois.sance  from  Lake  Superior  by  the 

English  and  Winnipeg  rivers  to  Port  Garry  [Compared  with  Q»iebec].  Cmuul. 

Rep.  for  18?2-3,  pp.  8-18. 

1879.    Selwyn.  A.  R.  C. 

Report  of  Observations  on  the  Stratigraphy  of  tne  Quel>ec  Group  axid  the  Older 

Crystalline  Rocks  of  Canada.    Canad.  Rep.,  1877-8,  A,  pp.  1-15. 

1863.  Adams,  Frank  D. 

Notes  on  the  Microscopic  Structure  of  .some  Rocks  of  the  Quebec  Group.  Canad. 

Rep.,  1880-82.  A.  pp.  8-23. 

1887.  Ells.  R.  W. 

Report  on  the  Geology  of  a  portion  of  the  Eastern  Townships  of  Quebec.  Canad. 
Rep.  2d  Ser.  Vol.  II,  1866,  J.  pp.  1-70. 

1888.  Ells,  R.  W. 

Second  Report  on  tlie  Geology  'A  a  portion  of  the  Province  of  Quebec.    Catuui. 
Rep.  1887-8.  Vol.  III.  Pt.  i.  K.  pp.  1-120. 
1890.    Ells,  R.  W. 

The  Stratigraphy  of  the  Quebec  Group    Bull.  Getd.  Sttc.  Amer.,  I.  453-468. 
1800.    Bralnerd,  Ezra  and  Henry  M.  Seely. 

The  Calclferous  Formation  In  the  Champlain  Vall«»y.    With  a  Supplement  on 
the  Fort  Oassln  Koc-lvs  and  their  Fauna,  By  R.  P.  Whitfield.     Bull.  Geol.  Soc- 
Amer.,  I,  .'Wl-516. 
1800.     Walcott,  CD. 

A  review  of  Dr.  R.  W.  Ells'  Second  Report  on  the  Geology  of  a  Portion  of  the 
Province  of  Quebec,  with  Additional  Notes  on  the  "Quebec  Group."    [His- 
tory of  Views!  Amer.  Jour.  Sei.,  III.,  xxxix,  101-115. 
1800.    Hunt,  T.  Sterry. 

The  Geological  History  of  the  Quebec  Group.    American  Geologist,  Vol.  iv,  p. 212. 
See,  »l»o,  the  references  on  the  Taconic  System,  many  of  which  bear  on  the  Quebec 
Oronp. 
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J08IAH  D.   WHITNEY. 

1847.  Josiah  D.  Whitney  and  Joseph  W.  Foster  were  asBiatantB, 
in  1847,  of  Dr.  C.  T.  Jaokson  in  his  survey  of  the  "mineral  lands" 
of  lake  Superior;  and  Mr.  Whitney  continued  in  the  same  capacity 
in  1848.  In  1849  and  1850,  Messrs.  Foster  and  Whitney  succeed- 
ed Dr.  Jackson,  and  their  Annual  Beport  is  dated  Boston,  Not.  5, 
1849.  Mr.  Whitney's  observations  in  1847,  were  restricted  to  the 
copper-bearing  rocks,  mostly  of  the  Ontonagon  district,  and  he 
had  no  occasion  to  introduce  general  views  in  his  report;  bat  & 
part  of  Mr.  Foster's  notes  relate  to  a  traverse  from  lake  Superior 
over  the  Menominee  region,  to  Green  bay.*  Mr.  Whitney  does  not 
appear  to  have  transmitted  to  Dr.  Jackson,  anything  except  bar- 
ometric observations  as  the  result  of  work  in  1848  (op.  ciL,  ppi 
644-646). 

1849,  In  their  report  of  1849,  Messrs.  Foster  and  Whitney 
say:  Experience  "has  demonstrated  that  the  veins  of  copper  and 
its  ores  in  the  sandstone  and  conglomerate  are  not  to  be  relied  on, 
and  that  when  worked  even  to  an  inconsiderable  depth,  they  give 
out.  .  .  All  the  productive  lodes  are  confined  to  the  ranges  of 
trap.  .  .  The  associated  sandstone  and  conglomerate  belong  to 
the  Silurian  system,  and  rest  at  the  base  of  all  the  fossiliferons 
^rocks'*  (p.  607. )t  Accompanying  this  report  are  four  geological 
maps:  1.  He  Roy  ale;  2.  Keweenaw  Point;  3.  The  district  between 
Keweenaw  Bay  and  Chocolate  River;  4.  The  district  between 
Portage  Lake  and  Montreal  River.  On  the  3d  and  4th  of  these 
Maps,  the  term  '^Azoic''  is  introduced.  The  4th  Map  was  trans- 
mitted to  the  Secretary  of  the  Interior  by  a  letter  dated  July  25tli, 
1849.  The  date  of  transmittal  of  the  other  is  not  known,  but  prob- 
ably, the  same  month.  On  the  3d  Map,  the  explanatory  legend 
presents  the  following  arrangement: 

Aqueous,  -{  Base  of  the  Silurian  System,  ^  S^Ddstone. 

(  ( Quartz. 

Metamurphic,     j  Azoic  System,  <  Bacoharoidal  limestone 

(  (  Schistose  Bocks. 


♦The  Ki'port  Is  found  on  pp.  77:j-784  of  that  chaos  of  lit^srary,  scientific  and  statistical 
matter  called  Jackson's  Geological  Report,  occupying  pages  371-801  ot'* Annual  Mceaigt 
and  Dorum€?i/^."  1849-50.  Part  III— except  pages  605-624,  including  four  maps,  occupied 
by  Foster  and  Whitney's  report  for  1W9,  which  is  interjected  into  the  midst  of  Jack- 
son's report. 

+Dr.  Jackson,  {op.  cit.  p.  399),  says  "Anterior  to  my  researches,  the  red  sandstones 
of  Lake  Superior  were  supposed  to  he  the  "old  red,"  and  subsequently  the  opinicii 
that  they  belonged  to  the  Potsdam,  N.  Y.,  series,  gained  ground;  but,  from  the  fact* 
that  the  mineral  composition,  associations  and  contents  were  identical  with  the  sand- 
stones of  Nova  Scotia,  Connecticut,  Massachusetts  and  New  Jersey,  and  that  the  dis- 
turbing agency  which  moved  them  was  in  the  same  direction  and  produced  similar,  if 
not  Identical  results,  I  was  disposed  to  regard  those  rocks  as  of  the  same  age,  or  as(tf 
the  New  Red  sandstone  series.    This  idea  has  been  confirmed." 


STATE  GEOLOaiST.  141 


IgiM»ouB  (  More  recent  than  the  Azoic,  but  (  SS??!^  Bocks. 

Pbrmation,     7     older  than  the  Silurian,  7  ^^St  * 

The  legend  on  the  4th  Map  is  as  follows : 


^^Stion,     j  Lower  saurian  Syetem,  ^ 


Lower  Magnesian 

Limestone. 
Sandstone. 
I^Oonfflomerate. 

Metamorphic,    -{Azoic  System,  -{  Schistoee  Bocks. 

'Contemporaneous  with  ( Trap. 

Silurian,  •<  Jasper  and 


Igneous,  -^  ^     Quartzose  Porphyry. 

^More  recent  than  Azoic,  •{  Granite. 

1850.  The  first  part  of  the  final  report,  relating  to  the  "Cop- 
per Lands,"  was  transmitted  April  15, 1850.*  In  the  IVth  chap- 
ter»  the  authors,  treating  of  "Stratified  and  Sedimentary  rocks," 
comprise  them  under  three  general  divisions: 

III.     Compact  or  Lower  Magnesian  Limestones.     3.     Birdseye 
and  Black  river  limestone;    2.    Chazy  limestone;     1. 
Caloiferous  sandstone. 
II.    Inferior  Sandstone.    Potsdam  Sandstone. 
I.    Conglomerate.    Not  strictly  a  sedimentary  rock,  but  a  vol- 
canic tuff. 
Speaking  more  particularly  of  the  conglomerates,  the  authors  state 
concerning  the  pebbles:  "Their  surfaces  do  not  present  that  smooth, 
polished  appearance  which  results  from  the  attrition  of  water,t  in 
fact,  a  dose  observer  can  readily  distinguish  between  those  which 
have  been  recently  detached  from  the  rock  and  those  which  have 
been  for  a  time  exposed  to  the  recent  action  of  the  surf.    The  con- 
glomerate appears  to  have  been  formed  too  rapidly  to  suppose  that 
the  masses  were  detached  and  rounded  by  the  action  of  waves  and 
currents,  and  deposited  with  silt  and  sand  on  the  floor  of  the 
ancient  ocean;  for  while  the  contemporaneous  sandstone  remote 
from  the  line  of  volcanic  foci,  does  not  exceed  three  hundred  or 
four  hundred  feet  in  thickness,  the  united  thickness  of  the  conglom- 
erate bands,  in  the  vicinity  of  the  trappean  range  on  Keweenaw 
Point,  exceeds  five  thousand  feet     As  we  recede  for  a  few  miles 
from  the  line  of  the  volcanic  fissure,  these  amygdaloidal  pebbles 
disappear,  and  are  replaced  by  arenaceous  and  argillaceous  particles. 
Yfe  are   therefore  disposed  to  adopt  the  theory  as  to  the  origin  of 
Buch  masses  first  suggested  by  Yon  Buch:  '  When  basaltic  islands 
and  trachytio  rocks  rise  in  fissures,  friction  of  the  elevated  rock 

^Report  on  the  CholoQy  aiid  Topography  of  a  Porti4m  of  the  Lake  Superior  Land  District 
4n  the  State  of  MUihigan,  By  J .  W.  Foster  and  J.  D.  Whitney,  United  States  Geologists. 
In  two  parts.  Part  I,  Copper  Lands.  Washington,  1850,  8vo,  pp.  284,  with  a  Map  and 
zll  Plates.    (BelngEx.  Doe.  No.  00,  House  of  Representatives,  31st  Cong,  1st  Bess.) 

fThe  ''attrition'*  which  rounds  shore  pebbles  is  not  '"attrition  of  water".  Perhaps 
the  authors  mean  attrition  in  water. 
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against  the  walls  of  the  fissares,  causes  the  elevated  rock  to  be  en- 
closed by  conglomerates  composed  of  its  own  matter.  The  granites 
composing  the  sandstones  of  many  formations  have  been  separated 
rather  by  friction  against  the  erupted  volcanic  rock  than  destroyed 
by  the  erosive  force  of  a  neighboring  sea.  The  existence  of  theee 
friction  conglomerates,  which  are  met  with  in  enormous  masses  in 
both  hemispheres,  testifies  to  the  intensity  of  the  force  with  which 
the  erupted  rocks  have  been  propelled  from  the  interior  through 
the  earth's  crust.  The  detritus  has  suddenly  been  taken  up  by  the 
waters,  which  have  then  deposited  it  in  the  strata  which  it  still 
covers'.*  Those  pebbles  having  a  highly  vesicular  structure  may 
have  been  ejected  through  the  fissures  in  the  form  of  bcoriae  while 
in  a  plastic  state,  and  have  received  their  rounded  shape  from 
having  been  projected  through  water — on  the  same  principles  as 
melted  lead  when  dropped  from  an  elevation  assumes  a  globular 

form  \f 
On  page  112,  in  a  note,  the  authors  cite  similar  conglomerates  of 

eruptive  origin,  in  the  Hawaiian  and  Fiji  islands,  as  described  in 

the  report  by  professor  «Dana,  on  the  Oeology  of  the  Exploring 

Expedition. 

In  speaking  of  the  sandstone,  they  do  not,  like  Houghton,  dis- 
criminate between  that  which  is  interbedded  with  conglomerate 
layers,  and  that  which  overlies  both,  though  they  recognize,  as 
Houghton  did,  the  Hynclinal  arrangement  of  the  beds  forming  the 
lake  basin,  and  give  a  theoretical  diagram  illustrating  it.  They 
say:  "During  the  deposition  of  the  sandstone,  numerous  sheets  of 
trap  were  ejected  and  flowed  like  lava  streams,  and  the  igneous  and 
aqueous  products  were  so  intermingled  as  to  present  the  appear- 
ance of  having  been  derived  from  a  common  origin."  (p.  110.) 
The  general  discussion,  however,  relates  to  that  which  Houghton 
had  denominated  "Lower  or  Red  Sandstone." 

The  method  of  geologic  action  which  gave  origin  to  the  Cupri- 
ferous formation  is  conceived  by  the  authors  as  follows:  The  en- 
tire region  was  the  bed  of  an  ocean  of  heated  waters,  and  volcanic 
paroxysms  were  frequent.  Numerous  fissures  through  the  crust 
of  the  earth  resulted.  "Along  the  lines  of  these  fissures  existed 
numerous  volcanic  vents,  like  those  observed  at  this  day  in  Peru, 
Granada  and  Java,  which  were  characterized  by  periods  of  activity 
and  repose.  From  these  vents  were  poured  forth  numerous  sheets 
of  trap,  which  flowed  over  the  sheets  of  sand  and  clays  then  in 
progress  of  accumulation.     During  the  throes  and  convulsions  of 

♦Geognostlsche  Briefe,  S.  75-82. 
tReport  on  Copper  Lands,  pp.  99.  100. 


STATE  OEOL0OI8T.  143 

the  mass,  portions  of  rock  would  become  detached,  and  rounded 
simply  by  the  effects  of  attrition,  and  jets  of  melted 'matter  be  pro- 
jected as  volcanic  bombs  through  the  air  or  water,  which  on  cool- 
ing would  assume  spheroidal  forms,  while  other  portions  of  the 
rock,  in  a  state  of  mechanical  division,  would  be  ejected  in  the 
form  of  ashes  and  sand,  which  mingling  with  the  water,  would  be 
deposited,  as  the  oscillations  subsided,  among  the  sand  and  pebbles 
at  the  bottom  of  the  sea.  During  the  whole  of  this  period  of  vol- 
canic activity,  the  sands  which  now  form  the  base  of  the  Silurian 
system  were  in  progress  of  accumulation,  and  became  mingled 
with  these  igneous  products"  (p.  120).  "Thus,  alternating  bands 
of  igneous  and  aqueous  rocks  were  formed",  and  thus,  unlike  the 
theory  of  Dr.  Houghton,  which  regarded  the  trap  sheets  as  dykes, 
our  authors  contemplate  them  as  overflows. 

1851.  The  second  part  of  Foster  and  Whitney's  report  on  the 
Mineral  Lands  of  Lake  Superior*  was  transmitted  to  the  secretary 
of  the  Senate,  November  20,  1851.  It  is  a  comprehensive,  thorough 
and  scientific  presentation  and  discussion  of  the  general  and 
eoonomic  geology  of  the  region  embraced  —  with  the  exception  of 
matters  treated  in  Fart  L  It  is  probably  the  most  meritorious 
production  to  that  time  issued  under  the  auspices  of  tho  general 
goyernment.  The  lithographed  engravings  are  superior,  but  the 
wood-cuts  are  obscure,  and  the  typography  and  paper  cheap  and 
nnworthy.  This  volume  has  become  celebrated  as  the  one  in 
which  the  "  Azoic  System  "  was  established  in  America. 

In  the  preliminary  chapter,  a  general  classification  of  the  rocks 
of  the  district  is  given,  of  which  the  following  is  the  lower  part  :t 

AqueouH.  -j  Silurian  System,      J  Potdsuin  Sandstoni',*  eU* . 

j  r  Reds  of  Quartz  and  Saoeharoidal  Marble. 

Metamorphlr.     i  Azuii*  System.  (.hloritic.  Taleose  and  AnrlUaoeous  SlaU^s 

I.GnelHH,  Mica  and  Hornblende  Slate. 

[  Masses  of  Sp<;cular  and  Ma};ncti<' 
I     Oxide  Iron, 
volcanic      I  Hornblende  and  Serpentine  r<K*ks. 


Tranpean  |     Oxide  Iron. 

I     volcanic  I  Hornblende  a 

f__^„,„  ♦  r\f  viHi^iiu  ,i.r.>u        ''     n^'ks.  Basalt,    Amygdaloid,   Greenstone 

Ijjneous.  -  Of  >  arious  aires.       ^  |     ^^^  Dolerlte  Porphyry. 


erne 
Did, 


Feldspar  and  Quartz  rock. 
Plutonic         I  Syenite. 
I     rocks.  I  Granite. 


<« 


Below  all  the   fossilifevous  groups  of   this  region"  say  the 
authors,  '*  there  is  a  class  of  rocks  consisting  of  various  crystalline 

*  Report  on  the  (ieotoQU  of  the  Jjoke  Superior  JmiuI  District.  By  J.  W.  Fost4)r  and  J.  I). 
Whitney,  United  States  G(?olo«lst,s.  Part  IT,  The  Iron  Ref^Ion,  together  wltli  the  Gen- 
eral Geolojfy.  March  l.1, 1K51:  Ordered  to  be  printed,  Washin^^ton,  1851  [h-vo..  pp.  MH\,  ;«i 
plates  of  illustrati(ms,  and  a  };eolo^Ical  map  of  the  upper  Peninsula  of  Mich1;ran  and 
of  the  north  shore  of  lake  Superior  from  Sturgeon  bay  eastward.] 

tit  win  1)e  remembered  that  In  all  the  stratlgraphic  tables  of  the  present  memoir. 
the  older  nnrks  stand  below.  This  is  an  Inversion  of  the  arrangement  adopted  l)y 
Foster  and  Whitney,  and  most  of  the  earlier  writers. 

^Theage  of  the  Potsdam  sandstone  was  discussed  by  the  authors  in  I'ritr.  Amer, 
Amoe.,  Cincinnati  meeting.  l&M.  (pp.  'ii-W). 
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Bohists,  beds  of  quartz,  and  saccharoidal  marble,  more  or  leu 
metamorphosed,  which  we  denominate  the  Azoic  system.  This 
term  was  first  applied  by  Marchison  and  De  Yemeuil*  to  desig- 
nate those  crystalline  masses  which  preceded  the  Palseozoic  strak. 
In  it,  they  include  not  only  gneiss,  but  the  granitic  and  pluhmie 
rocks  by  which  it  has  been  invaded.  We  adopt  the  term  but  limit 
its  signification  to  those  rocks  which  were  detrital  in  their  origin, 
and  which  were  supposed  to  have  been  formed  before  the  dawn  ol 
organized  existence.t 

Obviously,  there  is  a  degree  of  indefiniteness  about  this  definition: 
1st  Bemains  of  organization  may  be  found  in  rocks  which  "pre- 
ceded the  PalsBozoic"  as  understood  by  Murchison:  2d.  Notonlj 
gneiss  but  granite  and  syenite  may  yet  be  proven  of  detrital  origin. 
Thus  the  base  of  the  Palsdozoic  may  be  lowered  either  by  the  di»> 
covery  of  fossiliferous  rocks  between  the  Potsdam  and  the  top  of 
the  Azoic  as  known  to  Foster  and  Whitney,  or  by  the  disoofery  of 
fossils  within  the  Azoic  rocks  as  thus  known;  and  the  base  of  the 
Azoic  may  be  raised  by  the  demonstration  of  the  original  igneous 
condition  of  the  gneisses,  or  lowered  by  the  demonstration  of  the 
original  sedimentary  condition  of  the  granitoid  masses.  Tfaeee^ 
however,  are  only  practical  difiiculties  in  the  application  of  the 
conception  of  Foster  and  Whitney.  The  conception  as  above  de- 
fined is  clearly  delimited  and  rational.  By  a  reasonable  applica- 
tion of  the  conception,  the  Azoic  system  would  always  embrace 
the  strata  beneath  the  oldest  at  any  time  found  to  be  fossiliferoas^ 
and  above  the  rocks  at  any  time  held  to  be  igneous  in  origin.  Tins 
was  very  nearly  Emmons'  first  conception  of  the  Taconio,  nine  yean 
earlier;  but  he  recognized  the  Potsdam  sandstone  as  the  base  of 
the  Silurian  system,  and  only  by  provisional  inference,  the  base 
of  the  Palaeozoic  series  so  that  when  strata  older  than  the  Potsdam 
were  found  fossiliferous,  he  changed  his  view  in  reference  to  the 
azoic  character  of  the  Taconic,  and  thereafter  insisted  that  it  wai 
a  zoic  system. 

''Most  of  these  rocks  [of  the  Azoic  system,]  the  authors  state» 
"appear  to  have  been  of  detrital  origin,  but  greatly  transformed  by 
long  exposure  to  heat.     They  are  sub-crystalline  or  compact  in 

*  The  Oeology  of  Risi^ia  in  Earops  and  the  Ural  Mountains,  vol,  i,  p.  10,  1845,.    See  also^ 
Proc.  Qtol.  Soc.  Lond.,  vol.  Iv,  p.  602, 1845. 

tFostor  and  Whitney,  Rep.,  p.  3. 

:^Mr.  Whitney  has  indicated  the  possibility  that  the  upper  limit  of  the  Azoic  mlirbt 
have  to  be  placed  lower  than  the  base  of  the  Potsdam  sandstone.  **If  we  find  in  ^li 
country,  a  series  of  fossiliferous  beds  below  those  at  present  recognized,  and  whose  or- 
ganic contents  cannot  be  considered  as  being  of  Lower  Silurian  type,  let  us  give  them 
a  new  name  which  shall  not  involve  us  in  any  Cambrian  controversies.*'  (Amar.  Jiom, 
n,  zxlll,  p.  31i). 
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their  structure,  and  rarely  present  uneqaivocal  signs  of  stratifica- 
tion. They  exhibit  the  most  violent  dislocations;  in  one  place  the 
beds  are  vertical,  in  another,  reversed,  and  in  another,  present  a 
succession  of  folded  axes.  Intermingled  with  them  is  a  class  of 
rooks  whose  igneous  origin  cannot  be  doubted,  and  to  whose  pres- 
ence, the  metamorphism  so  characteristic  of  this  series,  is  in  some 
measure  to  be  ascribed.  They  consist  of  varying  proportions  of 
hornblende  and  feldspar,  forming  traps  and  basalts,  or,  where 
magnesia  abounds,  pass  into  serpentine  rocks.  They  appear  in 
flome  instances  to  have  been  protruded  through  the  pre-exist- 
ing strata,  in  tne  form  of  dikes  or  elvans,  in  others,  to  have  flowed 
in  broad  lava  streams  over  the  ancient  surface;  and  in  others,  to 
have  risen  up  through  some  wide-spreading,  expanding  fissure, 
forming  axes  of  elevation"  (p.  8). 

''Many  eminent  geologists  maintain  that  the  lowest  stratified 
rocks  are  but  portions  of  the  Silurian  or  Cambrian  system;  and 
that  from  long  continued  exposure  to  heat  the  lines  of  stratification 
have  become  obscure,  and  all  traces  of  organic  remains  obliterated. 
Our  investigations  in  this  district  have  led  us  to  a  different  conclus- 
ion. If  the  Potsdam  sandstone  rests  at  the  base  of  the  Fal8B3zic 
series;  if  from  that  epoch  we  are  to  date  the  dawn  of  animal  crea- 
tion, there  is  in  this  district  a  class  of  obscurely  stratified  rocks 
interposed  between  the .  Silurian  system  and  the  granite — rocks 
distinct  in  character,  unconformable-  in  dip,  and  destitute  of  or- 
ganic remains"  (p.  10). 

The  authors  quote  from  the  early  reports  of  "Mr.  Logan,  the 
distinguished  Provincial  geologist  of  Canada,  for  the  purpose  of 
stating  that  the  two-fold  division  of  these  rocks,  described  by  Mr. 
Ix>gan*  has  not  been  observed  on  the  southern  shore. 

In  reference  to  the  blending  of  igneous  and  sedimentary  char- 
acters in  the  Azoic  rocks  of  the  south  shore,  the  authors  quote 
fron%  de  la  Beche  a  passage  which,  though  it  possesses  only  the 
authority  of  an  individual,  needs  to  be  borne  in  mind  in  the  more 
recent  attempts  to  interpret  the  rocks  in  question,  whether  on  the 
south  or  the  north  shore.     This  is  the  passage: 

''There  is  so  intimate  a  mixture  of  compact  and  schistose  trap- 
pean  rocks  with  the  argillaceous  slates  [of  Bossiney,  Cornwall] 
that  the  whole  may  be  regarded  as  one  system,  the  two  kinds  of 
trappean  rocks  having  been  probably  erupted,  one  in  a  state  of  ig- 
neous fusion,  and  the  other  in  that  of  an  ash,  during  the  time  that 

^Report  of  Progress,  1846-7,  p.  10.  It  Is  clear  that  the  upper  divislou  here  indicated  in 
the  metamorphic  rocks  Is  what  was  afterward  denominated  Antmike.  But  we  shall 
fetum  to  this  point.  It  is  also  apparent  that  this  division,  if  not  entirely  wanting  on 
tbe  soathem  shore,  is  very  Inconspicuously  developed. 
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the  mad  now  forming  slates,  was  deposited;  the  mixture  being  ir- 
regular from  the  irregular  action  of  the  respective  causes  which 
produced  them,  so  that,  as  one  may  have  been  derived  from  igneoiis 
action,  and  the  other  from  the  ordinary  abrasion  of  pre-existing 
solid  rocks,  they  were  geologically  contemporaneous/' 

Some  farther  remarks  by  the  authors  relate  specifically  to  the 
rocks  on  the  south  shore  of  lake  Superior.  "Many  of  the  igneonB 
rocks  of  this  region  form  neither  long  lines  of  dykes  nor  axes  of 
elevation,  but  broad  sheets,  bearing  the  same  relation  to  the  slates 
that  the  trappean  bands  of  Keweenaw  Point  do  to  the  conglomer- 
ates. Many  of  the  slates  appear  to  be  composed  of  pulverulent 
greenstone,  as  though  they  might  originally  have  been  ejected  as 
an  ash,  and  subsequently  deposited  as  a  sediment,  and  pass  by  im- 
perceptible gradations  from  a  highly  fissile,  to  a  highly  compact 
slate.''  Some  of  these  phenomena  are  compared  with  sub-oceanic 
salse8,''poariDg  forth  streams  of  pulverulent  material  to  be  mingled 
with  ordinary  fragmental  deposits. 

Messrs.  Foster  gnd  Whitney,  in  concluding  their  account  of  the 
general  geology  of  the  Azoic  system,  seek  to  strengthen  its  estab* 
lishment  by  pointing  oat  the  existence  of  a  similar  series  of  rocb 
in  other  states — in  Minnesota,  Arkansas,  Missouri,  New  York,  Penn- 
sylvania and  Virginia.  They  refer  to  the  evidence  supplied  by  the 
brothers  Rogers,  that  the  series  of  obscurely  stratified  rocks  known 
as  the  gneissoid  series,  flank* the  Appalachian  chain  on  the  east 
throughout  its  entire  extent.  Turning  to  the  Old  World,  they  cite 
the  well  known  witnesses  to  the  existence  of  similar  azoic  rocks  in 
Scandinavia,  Great  Britiau  and  Bohemia  (pp.  33,  34.) 

As  to  the  origin  of  the  mass  of  magnetic  oxides  of  iron,  having 
shown  that  they  occur  in  beds  instead  of  true  veins,  they  consider 
the  evidences  of  an  igneous  and  of  a  metamorphic  origin,  and  con- 
clude: ''On  the  whole,  we  are  disposed  to  regard  the  specular 
and  magnetic  oxides  of  iron  as  a  purely  igneous  product,  in  BDme 
instances  poured  out,  but  in  others  sublimed,  from  the  interior  of 
the  earth.  .  .  Where  these  ores  occur  in  a  state  of  almost  ab- 
solute purity,  in  the  form  of  vast  irregular  masses,  occupying  pre- 
existing depressions;  or  where  the  incumbent  strata  are  metamor- 
phosed and  folded  over  them ;  or  where  they  are  traversed  by  long 
lines  of  ferruginous  matter  in  the  form  of  dykes — there  can  be  little 
doubt  that  these  ores  have  risen  up  in  a  plastic  state  from  below. 

**Where  they  are  found  impregnating  metamorphic  prodacts, 
such  as  jasper,  homstone  or  chert,  quartz^  chlorite  and  talc  slate, 
interposed  between  the  lamin.'e,  but  intimately  incorpora- 
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» 

ted  with  the  mass,  giving  it  a  banded  straotare,  we  regard  it  as  the 
result  of  sublimation  from  the  interior." 

"When  they  are  included  in  metamorphio  strata,  in  the  form  of 
beds  of  variable  width,  with  a  conformable  range  and  dip,  and 
with  minute  particles  of  the  associated  rock  mechanically  mixed 
with  the  ore,  we  are  disposed  to  regard  them  as  the  resultbf  aqueous 
deposition,  although  the  materials  may  have  been  derived  from 
the  ruins  of  purely  igneous  products"  ( p.  68.) 

In  1857,  Sir  William  Logan  and  the  Canadian  geologists  having 
recognized  two  distinct  systems  beneath  the  Potsdam  sandstone, 
Mr.  Whitney  returned  to  the  defence  of  the  systemic  unity  of  the 
sub-Silurian  rocks,  and  of  the  system  which  he  and  Mr.  Foster  had 
proposed  to  receive  them.*  Mr.  Whitney  thinks  this  divergence 
of  opinion  is  "due  entirely  to  a  different  understanding  of  the 
origin  and  relations  of  the  cupriferous  formation  of  lake  Superior 
and  especially  of  that  portion  of  it  which  belongs  to  the  southern 
shore  of  the  lake"  (p.  306.)  He  proceeds  accordingly,  to  establish 
the  proposition  that  the  cupriferous  series  of  interbedded  traps, 
conglomerates  and  sandstones  are  collectively  the  equivalent  of 
the  sandstone  extending  generally  along  the  south  shore.  This 
being  so,  nothing  remains  between  the  cupriferous  series  and  the 
granite  except  the  indivisible  series  of  rocks  which  Foster  and 
Whitney  had  styled  the  Azoic  system. 

If  we  follow  Mr.  Logan,  he  says  in  effect,  we  must  admit  that 
the  cupriferous  belt  lies  unconformably  beneath  the  sandstone. 

"We  must  also  admit  that  these  cuperiferous  rocks  are  identical 
in  age  with  the  series  of  quartz  beds  and  jasper  conglomerates 
displayed  on  the  north  shore  of  lake  Huron,  and  hence  called 
'  Huronian.'  Therefore,  according  to  Mr.  Logan's  views,  since  the 
oapriferous  series  of  lake  Superior  rests  unconformably  on  a  still 
lower  formation  of  shales,  quartz  rock,  ete.,  the  rocks  of  lake 
Huron  must  also  do  the  same,  although  no  such  fact  has  been  ob- 
served. Hence,  we  must  recognize  two  systems  beneath  the  Pots- 
dam sandstone,  one  the  Huronian,  comprising  the  cupriferous 
rooks  of  lake  Superior  and  the  formations  of  the  north  shore  of 
lake  Huron,  the  other,  the  Laurentian,  including  all  the  rocks  of 
Ganada  and  the  Northwest  which  we  should  designate  by  the 
torm  'Azoic,'  with  the  exception  of  those  of  lake  Huron,  as  before 
indicated." 

"The  principal  question  to  be  settled  then,  is  this  :  What  are 
the  relations  of  the  cupriferous  rocks  of  lake  Superior  ?    Do  they 

I . ..  .  

9.  D.  Whitney,  **Bemarks  on  the  Huronian  and  Laurentian  systems  of  the  Canada 
SuTTey,**  Amer.  Jour.  Sci.,  IT,906^M,  May,  1867. 
-11 
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eaiisdtiiie  &  iist=2>c^  £j€:fi?m  bj  tiiexi!9e}i^e&.  or  sre  iii€y  pm  and 
psrtiel  of  tiie  PofTBiuxi  sukistDite  itBelf  T'  Aiii  thk  is  the  qneatiaB 
wiich  Mr.  Widnjer  pr>oc?&i*  !:•  fcasv-er  fc£rzD«xdTSi!T.  Mr.  Widj- 
iie/'e  nrc'  ziftir  paedtiDiiif  s^  ag&hiKi   iLose  oF  Sir  WiHiftic   T^-igMTi 

1I:ST  be  6U.tei  lLl2£  : 

L     Tbe  ciLptrifrf*'C9Q5  f  rvnASliaL  is  itc^i  ijgsiitci  irzsm  the  PoisdaiiL 

JL     TLe  H^rc^iiizi  roeks  ere  n:^  e^^idrikj€*m  to  tbe  rapriferoos. 

Ix  iff ^.  p*rrfeB&:>r  WnitDer  Agsix:  retsrzKd  to  &  TiD£sKtioai  of 
the  ictegriiT  of  Uke  Axi^i:  srsieizL*  In  ui  cxteDded  SDd  el&lKniB 
iztei&adr.  lC€fiBr&.  Wiun^er  uki  W&iFirarxii  reriew  aS  that  had 
be«eit  irrit&e!i.  in  Amefica  an  rycks  embraoed  luii^r  the  Axoie  sts- 
teizL  Thej  pursue  the  zaeth3i  cS  I.betnJ  qa^taiiDKL  in  setting  fcxth 
the  Tiers  of  the  Tuicnzs  vriLes^  and  aee^onpaziT  the>e  bj  critifld 
reiLarka.  The  authors  £ikd  rerr  litt^  lo  ec-xEnneikd  in  this  Htera- 
tore,  bat  ilifioorer  mazij  opp3mixdties  for  caustic  cosnmert.  seem- 
iLg  aliDCKt  vd  forget  that  poseiblT  the  hoDCEt  saurii  far  tmth  maj 
ikA  lie,  preeisejT  in  azi  adDpti^o  of  the  rievs  of  the  originatofs  of 
the  AzrAc  sTBteizL  Sdll  there  ia  a  gooi  ai&ooiit  of  jostiee  in  tiie 
foUovii^  secteDO^  extracted  from  their  "^BesaiDer 

^We  thixii  that  it  is  impassible  for  acy  mxaprejadieed  vcsfcer  iB 
this  department  of  seieDoe  to  perase  vith  care  the  praoeding  pagoa. 
azkd  DOt  feel  obliged  to  admit  that  the  geologr  of  alarge  pordoo  of 
this  country,  az>d  e^pedallT  that  of  Csnada  and  Xev  T-ngl^iwI^ 
is  is  an  almost  h?p^eBs  state  of  e^nfnsioa  We  thing  dial  it  must 
hare  been  made  demr  to  the  candid  mind,  that  the  geologist  would 
fijLi  Lim^elf  oompletelj  ha??led.  vho  should  endeaxor  to  obtain  anj 
definite  kix>vled^  of  the  real  nature  aiKl  ords-  of  succession  of 
the  rocks  which  o^rer  so  large  a  portion  of  the  region  in  question, 
from  the  strtd j  of  that  vhich  has  been  pablished  vith  regard  to 
them.  We  beliere  that  ve  are  jastified  in  ^oing  still  &rther,  and 
saying,  that  oar  chanpes  of  oor  having  at  some  fatore  time,  a  dear 
on  JerstaDding  of  the  geological  stmctxire  of  northeastern  Xorth 
America  vould  be  decidedly  improred.  if  all  that  has  been  vritten 
about  it  vere  at  once  struck  oat  of  existence"^  (pp.  519>520L) 

All  this  tends  to  prore.  as  the  aathors  think,  that  no  real  pro- 
gress has  been  made  in  a£3ic  geology  since  1350.  Their  imprea- 
sire  resamr  embraces  the  following  positions:  F'irsty  No  eridenoe 
h&s  been  presented  of  the  ezdstence  of  life  anterior  to  the  adrent 
of  the  primDfdial  faana  of  B^rrande — that  is.  in  those  metamorphie 
rocks  which  were  at  first  onited  in  a  system  styled  '^Azoia^  Hie 
supposed  organism  known  as  EyzoC^a^  is  only  a  peealiar  arrange- 


*  rv  A-wir  -s-^Um  imi  i£i  P^>pi.'wd  5-*bdir»i:iA.    Br  J.  D.  Whitaej  maA  M.  S. 
•:nh.    Riul.  Mi*.  Ojmp.  ZcCL.  Gcoioficai  s«rL<Sw  roL  L  p^  xri  and  SI- 
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ment  of  orystalline  matter.  Its  organic  nature  was  never  consis- 
tently defended  by  Dawson  and  Carpenter.  The  segregated,  vein- 
like character  of  the  limestones  in  which  it  occurs  in  eastern 
Massachusetts,  has  been  affirmed  by  Bnrbank,  Ferry  and  Dr. 
Wadsworth,  and  the  final  conp  de  grace  has  been  administered  by 
Dr.  Mobius.  The  epitaph  has  been  written  by  F.  Burner  and 
Zittel.  As  to  the  organic  origin  of  the  or^j^stalline  limestones, 
there  is  nothing  whatever  to  prove  it,  while  the  presene  of 
oalcite  and  oalcitic  formations  in  metalliferous  veins,  and  in 
dykes  and  amygdaloids  is  sufficient  proof  that  the  existence  of  a 
limestone  does  not  necessarily  imply  conditions  compatible  with 
organization.  Graphite,  too,  instead  of  being  a  derivative  of 
vegetable  substances  is  found  in  the  presence  of  indications  of  in- 
tense heat,  and  has  never  been  found  in  such  situation  as  to  justify 
the  inference  that  it  resulted  from  the  transformation  of  coal.  As 
to  the  origin  of  masses  of  magnetic  and  specular  oxides  of  iron, 
there  is  nothing  in  the  laws  of  chemistry  to  forbid  their  eruptive 
nature,  while  the  distribution  of  iron  in  meteorites  and  on  the 
earth,  and  the  evidences  touching  the  mineral  nature  of  the  earth's 
interior,  all  tend  to  show  the  probability  that  the  iron  of  the  ear- 
liest times  was  connected  with  the  agency  of  heat  rather  than  of 
organization. 

Secondly,  As  to  the  admissibility  of  a  subdivision  of  the  azoic 
rooks,  the  authors  maintain  that  no  adequate  ground  has  yet  been 
presented.  They  moreover,  preclude  the  possibility  of  such  ground 
by  laying  down  the  canon  that  observed  successions  of  life  are  the 
only  justification  of  a  chronological  arrangement  of  rocks.  Of 
^oourse,  no  successions  of  life  are  possible  where  no  life  exists.  To 
pronounce  a  series  azoic  and  demaud  the  application  of  the  palsB- 
ontological  dogma,  is  to  move  the  previous  question  without  debate. 
Whether  there  are  or  may  be,  good  grounds  other  than  palseon- 
tological,  for  a  successional  arrangement  of  terranes,  is  a  question 
which  will  be  considered  in  the  sequel  of  this  memoir.  The  min- 
eralogioal  and  lithological  bases  of  various  proposed  divisions  of 
the  Azoic  are  examined,  and  besides  their  exclusion  at  the  thres- 
hold by  the  canon  laid  down,  are  represented  as  ioherently  conflic- 
ting and  invalid.  Finally,  to  illustrate  the  misleading  character 
of  mineralogical  criteria,  they  pu-sh  the  principle  in  absurdam  by 
proposing  ironically,  a  division  of  the  Azoic  into  twelve  systems 
based  on  predominant  mineral  characteristic's. 

This  memoir,  though  characterized  by  a  spirit  of  dogmatism  and 
wholesale  contempt  of  contemporary  research,  justified  only  by 
the  assumption  of  infallibility  in  the  work  of  its  authors,  is  stilly 
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ft  masterly  review  and  a  foroefnl  argament,  challenging  aeriou 
leooDsideration  of  the  evidenoeB  on  which  many  of  onr  recent 
jadgmentB  have  been  baaed. 

T.  Stbbbi  Hcmt. 

Dr.  Hant's  writinga  on  pre-Silarian  rooks  have  been  Tolaminou 
and  long  continued.  His  utterances  are  largely  of  an  inferential 
and  dedactive  character,  baaed  on  the  field-obserrationa  and  judg- 
ments of  others,  backed,  however,  by  namerooa  personal  reooucoia- 
aanoee.  He  appears  to  have  been  to  some  extent,  the  ezposibn- 
and  commentator  and  public  representative  of  the  Canadian  sur- 
vey. The  valne  of  his  work  in  the  aggregate  —  especially  his 
chemical  and  minera)<^cal  work,  is  great.  He  has  made  a  dnrk- 
ble  impression  on  the  science  of  his  day.  Bat  his  proper  geologi> 
ool  utterances,  while  always  learned  and  sagaoions,  have  some- 
times possessed  doubtful  valae.  From  lack  of  close  adherence  to 
observations  made  by  himself,  and  from  too  much  readiness  to  fpn 
utterance  to  the  intuitions  of  the  moment,  he  has  fallen  into  ooot- 
sional  self-inconsistencies,  and  many  conflicts  with  his  fellow 
workers  in  geology.  Partly  for  such  reasons,  I  shall  not  Ctdlor 
out  in  detail  the  varying  utterances  which  during  a  long  life,  h« 
has  pliiced  on  record. 

1855.  Dr.  Hunt  appears  to  have  been  the  first  to  employ  the 
term  "  Huronlan  "  in  its  application  to  a  series  of  rocks.  la  "k 
Sketch  of  the  Geology  of  Canada,"  speaking  of  the  rocks  on  the 
north  shore  of  lake  Huron,  then  recently  studied  by  Mr.  Mmrsy, 
he  says : 

"  As  these  rocks  underlie  those  of  the  Silurian  system,  and  lufe 
not  as  yet,  afforded  any  fossils,  they  may  probably  be  referred  to 
the  Gambnan  system  (Lower  Cambrian  of  Sedgwick).  .  .  This 
HuroniaH  formation  is  known  for  a  distance  of  about  150  leagoes 
upon  lakes  Huron  and  Saparior."* 

18S8.  Dr.  Hunt  suggested  evidences  of  the  contemporary  ei- 
istenoe  of  organic  life  in  the  limestones,  graphite  and  iron  ores  of 
the  Laarentian.t 

Od  the  discovery  of  Eozoo  n  so  called,  he  discussed  the  mineral 

tfntttmH  Eipo»ttitmot  ISfiS.  pp. 42i'.  iSH.    IBiquLac  gMiiffl^iie,  pp. KB. 
1  we  hftvo  Boan.  had  ttlromly  employud  tlip  term  HHrontan  iirfB 
.„.._,  butth&tWBSnotprlnted  till  1857.  Neltlitr  hi>  DorHunti>mpki7v' 
Ibentely.  as  the  dcHlgnntlon  of  a  well  coiDpTeln'iidwl  ttystcni  of  tocia.  *"'      I 
Uie  geogniphlpol  poaltlon  o(  certain   rocks  rofeircd  to.    In  IMT.Slr       I 
made  tornml  announrenieDt  W  the  Amcrlrnn  AsMielallon.  Itiai  tli> 
1  been  adopted,    ^eanfc'.  pp.  123. 1». 
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ogioal  relations  of  the  object,  and  gave  the  name  loganite  to  a  sup- 
posed new  mineral  form.* 

In  the  Esquisse  g<^ologique  du  Canadayf  Dr.  Hunt  desoribed 
the  Laurentian  system  as  embracing  two  distinct  series,  one  rest- 
ing discordantly  on  the  other.  These  he  denominated  Low^r 
Laurentian  and  Upper  Laurentian  or  Labradorian  (afterward  call- 
ed by  him  Norian). 

The  so-called  "Hastings  series"  was  first  brought  into  notice  in 
1862-3  by  Mr.  Murray  (pp.  103-108),  and  in  the  discussion  of  these 
Tocks,  Dr.  Hunt  frequently  participated.  In  1863^  he  gave  an* 
alyses  of  the  limestones  {Rep.,  1863,  pp,  692-3).  In  1867,  he  stated 
ttiat  the  Hastings  series  reposed  in  concordant  stratification  on  the 
Laurentian  gneiss,  but  that  the  Upper  Laurentian  or  Labradorian* 
Tested  unconformably,  not  only  on  the  Lower  Laurentian,  but  also 
•on  the  Hastings  series.^ 

In  1869,  he  identified  as  Laurentian,§  "the  great  gneissic  and 
homblendic  formation  stretching  through"  the  northeastern  por- 
tion of  Massachusetts,  and  inclosing  crystalline  limestones,  and  on 
ihe  ground  of  their  age,  promoted  successfully  the  search  for 
MozoCn  canadense. 

In  1870,  his  attention  was  again  turned  to  the  geology  of  eastern 
New  England, II  and  he  recorded  the  conclusion  that,  ''In  fact,  the 
•sohists  and  gneisses  of  the  White  Mountains  are  clearly  distinct* 
Kthologioally,  from  the  Laurentian  and  the  Huronian,  as  well  as 
from  the  crystalline  rocks  of  the  Green  Mountains,  and  from  the 
ioflsiliferous  Upper  Silurian  strata,  which  lie  at  the  southwestern 
haae  of  the  Canadian  prolongation  of  the  latter."  (p.  84.).  Turning 
then,  to  the  lithological  characters  of  the  ''Hastings  series"  in 
Oanada,  he  says  Mr.  Yennor  has  shown  that  "it  rests  unconforma- 
Uy  upon  the  old  Laurentian  gneiss,  while  it  is  at  the  same  time 
overlaid  by  the  horizontal  limestones  of  the  Trenton  group.  This 
intermediate  series  which  attains  a  thickness  of  several  thousand 
Isel^  is  terminated  by  calcareo-micaceous  schists,  in  which  Eozoiht 
'Mnadense  has  been  found,  both  in  Madpc  and  Tudor."  (p.  86. )  He 
flien  summarizes  Mr.  Murray's  observations  in  Newfoundland  in 
1866  and  recognizes  there  a  mass  of  rocks  "immediately  succeeding 
Hie  Laorentiui,"  and  concludes: 

''From  these  investigations  of  Mr.  Murray,  we  learn  that  be- 
'tireen  the  Laurentian  and  the  Quebec  group,  there  exists  a  series 

•OioiOBUy  0/  Canada,  18C3,  p.  400. 

fBarm  BaMMtUm  of  im,  p.  10. 

MfctfM^— "  0iMo9f0iie  pp.  fi,  6. 

•Ob  lAQfentlan  rooks  in  eastern  Massachusetts,  Am,  Jaw,  Set. ,  II  zltx,  75-78. 

l«tHi  the  Geology  of  Eastern  New  England/*  Amor.  Jour.  SH.  II,  1, 93^. 
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of  several  thonsand  feet  of  strata,  inoIadiDg  soft,  blnish-gray  mica 
slates  and  micaceous  limestones  belonging  to  the  Potsdam  groop; 
besides  a  great  mass  of  whitish  granitoid  mica  slates  whose  rela- 
tion to  the  Potsdam  is  still  uncertain.  To  the  whole  of  these  we 
may  perhaps  give  the  provisional  name  of  the  Tetn'anovan  series, 
in  allusion  to  the  name  of  Newfoundland."  (p.  87.) 

The  Terranovan  series  therefore  occupies  a  portion  of  the  inter- 
val in  which  lies  also  the  "Norian"  and  the  "Huronian,"  and  it 
overlaps  the  Potsdam.  To  this  he  referred  the  White  Mountain 
rocks,  as  well  as  certain  rocks  in  New  Brunswick. 

In  1868,  he  prepared  a  memoir  on  the  mineralogy  of  the  ''Lan- 
rentian  limestones  of  North  America*"  in  which  he  wrote: 

'*In  the  county  of  Hastings,  in  the  Province  of  Ontario,  not  leaa 
than  21,000  feet  of  strata,  consisting  of  crystalline  cchists,  lime- 
stone and  diorite  are  found  resting  conformably  upon  LaurentiaD 
gneiss."  (p.  48.) 

In  a  postscript  (p.  98,)  he  states: 

''More  recent  researches  by  the  Geological  Survey  of  Canada  haT» 
shown  that  the  rocks  of  Hastings  county,  Ontario,  noticed  on  page 
48,  rest  unconformably  upon  the  Laurentian,  and  belong  to  one, 
a^d  possibly  two,  distinct  systems.  The  upper  and  larger  portion 
consists  in  great  part,  of  mica  schist  and  micaceous  limestones,  while 
at  the  base  are  great  masses  of  dioriticand  hornblendic  schists,  with 
iron  ore,  posssibly  of  Huronian  age." 

In  1873,  he  was  reported  as  follows: 

"As  regards  the  Norian,  which  had  been  once  joined  to  the 
Laurentian,  he  had  elsewhere  shown  that  we  had  reason  for  sna- 
pecting  that  it  might  be  more  recent  than  the  Huronian,  and  pos- 
sibly than  the  Monlalban,  ^  conclusion  which  appeared  to  be  con- 
firmed by  the  facts  made  known  by  Hitchcock."t 

In  1875,  he  returned  to  a  study  of  the  White  mountains,  or  Mon- 
talban  series,  which  he  had  already  identified  with  the  Hastinga 
series.     He  said  : 

"  These  ancient  rocks  are  also  largely  represented  in  Hastinga 
county,  Ontario,  where  they  occupy  a  position  between  the  Lau- 
rentian [i.  e.  Lower  Laurentian]  and  the  fossiliferous  limestones 
of  the  Trenton  group,  and  are  the  equivalents  of  similar  limestones 
and  micaceous  quartzytes  in  Berkshire  county."^ 

In  1878,  Dr.  Hunt  referred  the  limestones  of  the  Hastings  series 

^Tweniy-fint  A  nnual  Report  of  the  Regents  of  the  Universiiy  of  the  State  of  New  TorK  A^ 
«pndix,  pp.  47-96. 
*Proe.  BosL  See.  Nat,  HisL,  1873,  xv.  310. 

UYoe.  Soe,  Bost.  NaL  Hist.,  1875,  xvli,  509. 
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to  the  lower  Taconic  (Taconian).*  In  his  **  Chemical  and  Geologi- 
cal Essays,"  the  Hastings  limestones  and  slates  are  said  to  lie  be- 
tween the  Huronian  and  Trenton. 

In  1878,  he  prepared  a  synopsis  f  of  his  views  on  the  classifica- 
tion of  lilozoic  (Archsean,  Azoic)  rocks.  Their  divisions  were  dis- 
tributed as  follows : 

Id  Mont  ALBA  N.  Named  in  1872[=Terranovan],  well  dis- 
played in  the  White  Monntains,  and  occapying  large  areas  in  New 
England  and  southwestward ;  a  great  mass  of  crystalline  schists. 
Gneisses  distinguished  from  those  of  the  Laurentian  by  being 
finer  grained  and  having  white  feldspar.  They  are  less  firm  and 
more  tender,  often  containing  silvery  mica,  and  pass  into  coarser 
mica  schists.  This  series  contains  granular  olivine  rocks  [^dunitel 
often  accompanied  by  enstatite  Isaxonite  of  Wadsworth]. 

Ic.  HuRONiAM.  Named  in  1855,  more  or  less  schistose,  crys- 
talline rocks,  resting  unconformably  on  the  Laurentian.  *'The 
Green  mountain  series."  Contain  jaspery  petrosilex,  becoming 
porphyritic  by  the  presence  of  feldspar  and  of  quartz  in  a  com- 
pact base,  sometimes  schistose  and  finely  laminated.  Contain 
basally,  chloritic  schists  altered  from  diabases.  fThe  description 
applies  to  the  lake  Superior  pseudo-Huron ian,  not  to  the  original 
lake  Haron  Huronian.] 

16.  NoRiAN.  The  upper  portion  of  the  Laurentian  series  on 
the  Ottawa  river.  A  distinct  terrane,  resting  unconformably  upon 
the  gneisses  and  crystalline  limestones  of  the  Laurentian.  The 
former  Upper  Laurentian  or  Libradorian.  Consists  chiefly  of 
anorthic  [triclinic]  feldspar,  sometimes  almost  without  admixture  ; 
sometimes  accompanied  by  small  portions  of  hornblende,  of  pyrox- 
ene or  of  hypersthene  ( hypersthenite  or  hyperite).  Fine  or  coarse. 
Colors  white,  pale  bluish  or  greenish,  dark  lavender,  smoke-blue 
or  nearly  black.     Titaniferous  iron  occurs  in  great  beds. 

la.  Laurentian.  Named  in  1854,  prevailingly  a  strong,  massive 
gneiss,  reddish  or  grayish,  sparingly  micaceous,  very  often  horn- 
blendic.  The  crystalline  schists  absent*  Crystalline  limestones 
present,  often  associated  with  beds  of  quartz.  Masses  of  magne- 
tite. Beneath  these  (the  Grenville  series)  a  great  mass  of  grani- 
toid gneiss  without  limestone  (the  Ottawa  gneiss). 

Above  the  Montalbanis  placed  the  Ta.gonian  (=Lower  Tacoaic); 
Quebec  group  (  -^Upper  Taconic  or  Cambrian),  (pp.  10, 11, 12, 13, 
21  )> 

*Proc,  BoKt.  8t»c.  Nat.  HM.,  1878,  xix,  278 ;   preface  to  second  edition  of  Chem.  and  OtoL 
M§aaytj  pp.  xxii,  xxvi. 
fThe  OenAooiisUi*  Traveling  HandlHtok.    By  Dr.  Jamen  Macfarlane.  New  York.  18?D.    It 
circulated  before  the  close  of  1878. 
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The  following  is  Dr  Hunt's  view  of  the  taxonomy  of  the  lower 
rocks  in  his  Pennsylvania  Beport:* 

8.  SiLURO-CAMBBiAN.  Upper  Cambrian  of  Sedgwick.  Fart  of 
Lower  Silarian  of  Marchison,'  and  the  Matinal  of  Sogers,  in  part. 

7.  Cambrian.  The  Lower  and  Middle  Cambrian  of  Sedgwiet 
and  the  Lower  and  Upper  Cambrian  of  Hicks;  being  the  Upper 
Taconic  of  Emmons,  and  the  Quebec  group  of  Logan:  or  the  Pri- 
mordial Silurian,  and  part  of  the  Lower  Silurian  of  MurchisoD. 
[Upper  Copper-bearing  rocks  of  Logan.] 

6.  Keweenian.  The  Copper -bearing  series  of  Lake  Superior, 
found  in  the  same  geological  interval  as  the  Taconian,  bat  not 
identified  with  it. 

5.  Taconian.  The  Lower  Taconic  of  Emmons,  or  the  "Hast- 
ings series,"  including  a  part  of  the  Primal,  Auroral  and  Matinal 
divisions  of  Rogers;  and  constituting  with  the  Montalban,  what  ha 
had  once  called  Terranovan. 

4.  Montalban.  The  White  Mountain  or  Mica  schist  series. 
[Terranovan  in  part] 

3.  HuBONiAN.  The  Green  Mountain  series,  or  altered  Qaebee 
group  of  Logan.     [Lower  Copper-bearing  rocks  of  Logan.] 

2.    NoBiAN.     The  Labradorian  or  Upper  Laurentian  of  Logan. 

1.    Laurentian. 

b.  Grenville  s dries.      With   limestones.     Supposed  un- 
conformable with  the  next, 
a.  Ottawa  gneiss.     Without  limestones,     (pp.  215-242.) 

In  1879,  the  Norian  was  said  by  Dr.  Hunt  to  rest  uncon/ormably 
upon  the  gneisses  and  crystalline  limestones  of  the  Laurentian, 
and  held  to  be  older  than  the  Huronian.  The  Huronian  was  also 
said  to  rest  unconformahly  on  the  Laurentian  on  the  north  shores 
of  lakes  Huron  and  Superior. 

In  1886,'\  Dr.  Hunt's  conception  of  the  succession  of  the  Azoic 
Bocks  was  freshly  set  forth  with  a  result  of  which  a  brief  abstract 
is  as  follows: 

SiLUBIAN . 

Obdovioian. 

Cambbian. 

Keweenian.    Upper  division  of  Upper  Copper-bearing  series. 

*SpeciaX  Report  on  the  Trap  Dykes  and  Azoic  Rocks  of  soulheagtern  Pennsulvania.  By  T. 
Sterry  Hunt.  Parti.  Historical  Introduction.  Harrlsburg,  1878  pp.  253.  [Being  E  of 
the  series  of  Survey  Beports.  This  Report  is  dated  1875,  though  the  Preface  hears  date 
1878.1 

fMinerxil  Physiology  and  Physiography,  a  second  series  of  Ohemlcal  and  Geological  &* 
says,  with  a  General  Introduction.    Boston,  1886, 8vo,  pp.  xvil  plus  710. 
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Taoonian.  Lower  division  of  Upper  Copper-bearing  series. 
Qaebec  group  of  Logan. 

MONTALBAN. 

HuBONiAN.     Webidian  of  Hicks. 

Abvonian.  (Formerly  part  of  Huronian.)  Petrosilex  series, — 
jaspers  and  porphyry.  Hdllejlinta,  Sweden.  Arvonian  of 
Hicks. 

NoBiAN.     (Formerly  Upper  Laurentian  or  Labradorian. ) 

Laubentian.  (Former  Lower  Laarentian.)  ?Lemsian  of 
March. 

Orenville  series.    Typical  Laurentian  (Former  Middle  Lau- 
rentian.)    Dimetianot  Hicks. 
Ottawa  gneiss,* 

Dr,  Hunt  has  always  been  resolutely  opposed  to  the  identifica- 
tion of  the  Animike  Series  with  the  proper  Huronian.  The  fol- 
lowing passage,  among  many  others  is  explicit: 

''The  fact  that  the  Taconian  or  Animike  series  in  Northern  Mich- 
igan,  rests  sometimes  upon  the  Granitoid  or  Gneissic  group, 
sometimes  upon  the  Dioritic  group,  of  Bominger,  and  elsewhere 
upon  a  mica  schist  series  having  the  characters  of  the  Montalban, 
goes  far  to  show  its  stratigraphical  distinctness  from  all  three  of 
these.  Its  separation  from  the  Dioritic  group  was  early  noticed 
by  Logan,  when  he  described  the  uoconformable  superposition  of 
this  series  (the  lower  division  of  his  Upper  Copper-bearing  series) 
on  the  ancient  greenstone  (Huronian)  series,  and  the  presence  of 
portions  of  this  in  the  basal  conglomerates  of  the  latter.  There 
are,  however,  as  I  have  elsewhere  noticed  {Azoic  Rocks,  p.  202,) 
certain  mineralogical  resemblances  between  the  Taconian  and  the 
softer  and  more  schistose  beds  of  the  Huronian.  with  which  they 
were  confounded  by  Murray  at  more  than  one  locality  along  the 
north  shore  of  Lake  Superior.  Hence,  after  visiting  the  Marquette 
district  in  1861,  he  did  not  hesitate  to  call  the  iron-bearing  series 
of  that  region  Huronian;  a  designation  adopted  by  the  Geological 
Survey  of  Canada.  In  this  he  was  followed  by  J.  P.  Kimball  in 
his  study  of  the  Marquette  iron  ores  in  1865,  by  Hermann  Credner 
in  1869,  by  T.  B  Brooks  in  1873  and  again  by  Irving  in  1883- 
All  of  these  include  the  two  series  under  the  common  name  of  Hu- 
ronian, and  the  estimates  of  the  thickness  of  the  Huronian  have 

*The  following  reforenocs  may  be  made  to  opinions  of  Dr.  Hunt  on  the  geology  of 
New  Brunswick:  Hunt:  Otology  of  Canadth  1866,  pp.  235, 236;  Amer.  Jour.  Sei.,  II,  1870, 1,  p 
90  (Compare  Proc.  iinier.^sfloe.,  1871,  p.  33:)  Azoic  rockn,  1878,  181,  188,  18ii;  Proc,  Amer' 
AMBOC.,  ISrs,  B,  116, 117;  1870,  285-7;  Amer,  Jour.  Set.,  1880,  III.,  xix, 27^-5;  BotUmProe.,  1875 
xt1I,500;  fd.,  xlx,  278;  Preface.  2d.  ed.  ChemiccU  and  Oeologieal  E88(tu»,  p.  xxix;  Mineral. 
PhlftMogv  and  Physioffraphy^pii.  407-8,  572-4. 
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been  based  upon  that  of  the  two  united.  The  distinctness  of  the 
underlying  Dioritic  group  with  its  serpentines  and  chloritio  rocks^ 
which  together  constitute  the  Haronian  or  pietre  verdi — alike  from 
the  older  granitoid  and  gneissic  group,  from  the  mica-schist  or 
Montalban  group  and  from  the  great  overlying  Animike  or  TacoD- 
ian  system,  including  the  quartzites,  marbles,  iron-ores  and  argil- 
lites,  is  however,  manifest.  The  succession  is  thus  brought  into 
complete  accordance  with  that  which  is  found  in  many  parts  of  the 
Appalachians,  as  well  as  in  southern  Europe,  as  is  pointed  out  in 
part  iv  of  Essay  X."* 

Dr.  HuDt,  in  other  passages,  recognizes  the  presence  of  the  Ani- 
mike (Taconian)  or  true  Huronian  in  the  Upper  Peninsula  of 
Michigan.     He  writes: 

''Kesting  in  some  cases  upon  this  groupf  and  in  others  upon  the 
granitoid  rocks  is  a  great  system  divided  in  ascending  order  by 
Bominger,  in  1880,  into  aQaartzite  group  (which  includes  a  mar- 
ble series,)  an  Iron-ore  group,  and  an  Arenaceous-slate  group,  aU 
of  which  appear  closely  connected.  The  system  comprises  heavy 
beds  of  quartzite,  often  schistose  and  with  conglomerates,  inter- 
stratified  and  overlaid  by  argillites  of  various  colors,  with  graph- 
itic, hydro-micaceous  or  sericitic  slates,  beds  of  jasper,  of  hsematite 
and  magnetite,  either  pure  or  disseminated,  and,  in  the  upper  por 
tion,  limonite  and  siderite.  The  limestones  form  in  the  upper  part 
of  the  qaartzite  division,  great  masses  of  white  crystalline  marble, 
sometimes  with  mica  and  tremolite  and  sahlite;  at  other  times  they 
are  reddish  or  dull  and  compact.  The  iron  ores  appear  to  be  in 
two  horizons,  one  below  and  one  above  a  great  body  of  limestone. 
To  the  latter  are  referred  the  ores  of  the  Gogebic  and  Menominee 
districts,  and  to  the  former,  those  of  Marquette  and  Felch  mountain, 
with  which  those  of  Vermilion  lake  io  Minnesota,  appear  to  be 
identical.  The  argillites  which  overlie  the  latter  are  those  seen  in 
the  St.  Louis  river  and  at  Thompson,  Minnesota,  which  are  by 
Bominger  compared  with  argillites  at  L'Anse  and  Huron  bay  ."J 

George  F.  Matthew  and  Associates  in  New  Brunswick. 

Several  different  Canadian  geologists  have  participated  in  the 
investigation  of  the  geology  of  the  maritime  provinces  of  British 
North  America.  The  pioneer  amoog  them  was  the  present  Sir 
William  Dawson,  whose  special  studies  for  the  greater  part,  have 

*M\neral  Ph  ysioUnjy,  581  -2 . 

tThe  Dioritic  yroup  of  Rominger. 

tMineral  Physiology,  pp.  579-80.  The  writer  has  elsewhere  recorded  his  independent- 
recognition  of  the  existence  of  two  discordant  systems  in  the  Maniiiette  Iron  regton— 
Sixteenth  Annu.  Rep.  Minn.,  pp.  178-9, 185. 


J. 
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been  palsBontological.*  Among  those  who  have  oontribnted  im- 
portant original  observations  and  have  studied  especially  the  oldest 
rocks,  are  George  F.  Matthew,  L.  W.  Bailey  and  B.  W.  Ells.  This 
portion  of  the  continent  presents  great  geological  difficalties,  and 
the  interpretations  of  the  phenomena  have  been  very  diverse.  The 
differences,  however,  have  been  rather  of  local  than  of  geognostic 
significance ;  and  it  is  therefore  not  intended  to  trace  the  histori- 
cal develop,  ment  of  opinion  into  detail.  Following  Sir  William 
Dawson,  Mr.  George  F.  Matthew,  in  1863,  presented  the  results  of 
a  well  elaborated  series  of  observations  on  the  geology  of  St.  John 
county.  New  Brunswickf  and  proposed  an  arrangement  of  the 
rocks  which  will  be  reproduced  synoptically  in  the  following 
table.t 
The  table  which  follows  is  compiled  from  papers  cited  in  this 

connection. 

Charles  H.  Hitchcock. 

Professor  G.  H.  Hitchcock's  survey  in  the  state  of  Maine  did 
not  lead  him  into  researches  possessing  any  important  bearing  on 
the  development  of  American  opinion  respecting  the  nature  and 
origin  of  the  older  rocks.  The  official  character  of  his  connection 
with  the  Vermont  survey,  the  first  volume  of  the  final  report  of 
which  was  published  in  1861,  though  prepared  in  1859,  was  as 
chemist  of  the  survey.  But,  provision  for  the  chemical  work  be- 
ing inadequate,  professor  Hitchcock  devoted  much  attention  to 
geological  investigations.  Among  these  was  the  preparation  of  a 
chapter  on  "Azoic  Rocks"  and  contributions  on  "Steatite  and  Ser- 
pentine" and  "Saccharoid  Azoic  Lime8tone."§ 

*Ac<idian  Otoloay,  The  OeolitgiccU  Structure,  Organic  Remains  atid  Mineral  Renources  of 
Nova  Scotia^  New  Brunnwick  and  Prince  Edioard's  hland.  First  edition,  1865.  2d.  18(W  (with 
Information  posted  to  date),  Sd,  1878.  For  other  recorded  opinions  of  Sir  William  Daw- 
son, see  Can,  NjI.  ani  OeoL,  1861, 1,  vl.  164 ;  Quar.  Jour.  Oeol.  Sac,  1862,  xviii,  30:i.  Sir  W. 
E.  Logan  made  a  reconnoissanco  of  the  Bonaventure  formation  in  1843;  and  Dr.  Abra- 
ham Gesner  made  a  report  to  the  New  Brunswick  government  at  nearly  the  same 
date. 

f Canadian  Naturailgt  and  OeologisU  viii,  241-260,  Aug.  1803.  For  later  views  see  Quar. 
Jour.  OecH.  Sac.,  1865,  xxi,  422-4^1. 

^he  later  studies  of  Messrs.  Matthew,  Bailey,  Hartt,  Ells  and  others  may  be  consult- 
ed as  follows  :  Bailey  :  Canadian  NaturaliaU  1864, 81-07  (a  rapid  reconnoissance);  Bai- 
ley, Matthew  and  Hartt :  OhnervatioM  on  the  OtnAogy  of  SmUhern  New  Brunswick,  1865 : 
H.  Y.  Hind  :  Prelim,  Report  on  the  Oeol.  of  New  Brunswick,  1865  ;  Bailey  and  Matthew  : 
Proc  Amer.  Assoc.,  1864,  xvili,  170-105  (revised  to  April,  1870* ;  Bailey  and  Matthew: 
OeoL  of  Can.  Report  of  Progress,  1870-71, 1^^240  (proposing  numerous  changes  on  recom- 
mendation of  Dr.  Hunt):  Matthew:  Report,  1874-5,  pp. 84-0 ;  Alport  for  1876-7,  322-350: 
Hugh  Fletsher  :  Same  Report,  405-426  ;  R.  W.  Ells:  Rep.  Prog,  for  1877-8,  D..  pp.  1-12 : 
L.  W.Bailey:  Rep.  1877-8,  DD.,  pp.  1-34;  G.  F.  Matthew:  Same  Rep.,  E,  pp.  1-6; 
Bailey,  Matthew  and  Ells:  Rep.,  1878-0,  D..  pp.  1-26 ;  R.  W  Ells:  Rep.,  1870-80,  D..  pp. 
MH2;  Rep.,  1880-82,  D.,  pp.  17-10:  Bailey:  Proc.  Amer.  Assoc.,  1880,416,  417:  Can.  Rep., 
n6e-4,  E..  pp.  31-^  ;  A.  P.  Low:  Rep.,  1882-4,  P.,  pp.  16-20 ;  R.  W.  Ells:  Rep.,  1886,  E. 
pp.  54-63.    Dr.  T.  8.  Hunt's  recorded  opinions  have  been  already  referred  to.  Ante.  p.  150 

iGeology  of  Vermont,  I,  pp.  452-474  and  533-558. 
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In  oonsonanoe  with  views  generally  prevailing  at  the  time,  he 
expresses  the  opinion  respecting  the  azoic  rocks^  that  '^stratifica- 
tion  and  lamination  appear  to  have  been  prodacel  by  original  de- 
position in  water."  Speaking  of  the  difficulty  of  distingoishing, 
in  some  cases,  between  the  lines  of  sedimentaqr  stmctore  and 
cleavage  and  foliation,  he  says:  "We  have  not  attempted  it  [dis- 
tinction of  cleavage  J  to  mnch  extent  in  the  slates  of  Vermont;  still 
less  have  we  tried  to  draw  a  line  of  distinction  between  the  folia- 
tion of  the  schists  and  stratification;  for  this  is  a  still  more  difficult 
work.  Hence  the  strikes  and  dips  which  we  shall  give  are  those  of 
foliation  and  cleavage.  But  we  believe  that  these  nsually  cor- 
respond essentially  with  the  stratification.  In  the  fossiliferons 
clay-slates  of  the  western  part  of  the  State,  as  well  as  in  the  lime- 
stones, we  not  unfrequently  have  found  the  cleavage  planes  mak- 
ing quite  an  angle  with  those  of  the  original  deposition;  but  in  all 
those  belts  of  slate  interstratified  with  the  more  thoroughly  met- 
amorphosed schists,  the  two  seem  usually  coincident."  (p.  452.) 

No  attempt  is  made  to  give  the  azoic  rocks  either  a  systemic,  a 
geognostic  or  a  chronological  arrangement.  Fifteen  species  are 
enumerated  and  lithologically  described.  Five  and  a  half  quarto 
pages  are  devoted  to  a  catalogue  of  isolated  instances  of  strike  and 
dip,  though  very  little  attempt  is  made  to  correlate  them  in  a  gen- 
eral system  of  structure.  It  is  stated  however,  that  three  disting- 
uishable  ranges  of  gneiss  traverse  the  state:  the  Green  mountain 
range,  the  middle  range  and  the  Connecticut  river  range.  The 
first  of  these  is  thought  a  continuation  of  the  Hoosac  mountain 
range — the  gneiss  of  the  Green  mountains  resulting  from  the  ac- 
cession of  feldspar  to  the  mica  schist  of  Massachusetts,  though 
often,  in  Vermont,  passing  again  into  mica  schist.  Of  some  of  the 
gneiss  of  the  range  along  the  Winooski,  he  says  ''it  resembles 
sandstone — the  crystals  of  feldspar  being  rounded  like  large  grains 
of  sand.  (p.  465.)  The  middle  range  is  less  extensive  and  more 
distinctly  gneissic.  Eastward  it  graduates  into  mica  schist.  The 
gneissic  range  near  the  Connecticut  river  consists  only  of  three 
patches." 

The  unessential  character  of  the  recognized  distinction  between 
gneiss  and  mica  schist,  as  indicated  in  the  transitions  along  the 
strike,  mentioned  above,  is  emphasized  by  further  statements. 
"Those  layers  of  the  rocks"  he  says,  "on  both  sides  of  the  moun- 
tain, which  all  would  regard  as  gneiss,  are  generally  interstratified 
with  other  layers  of  mica  or  talcose  schist  and  quartz;  and  the 
judgment  of  good  observers  would  differ  about  the  line  where  the 
gneiss  predominates  over  the  schists."     "Also,  as  we  pass  norther- 
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ly  along  the  line  of  strike  [of  the  Green  mountain  range]  along 
tiie  eastern  margin,  the  gneiss  is  rapidly  succeeded  by  mica  and 
talcose  schists..**  We  incline  to  the  opinion,  however,  that  a  nar- 
row belt  of  Green  mountain  gneiss  does  extend  across  the  whole 
State  of  Vermont.**  We  have  expressed  the  opinion  in  another 
place,  that  gneiss,  mica  and  talcose  schist,  and  even  some  beds  of 
quartzs,  may  be  only  metamorphic  varieties  of  the  same  original 
formation."     (p.  470.) 

Of  hornblende  rock  hd  says:  **Itis  found  associated  with  gneiss 
and  clay-slate  in  positions  much  like  dikes,  as  well  as  in  regular 
beds."  Referring  to  the  opinion  expressed  by  MacCuUoch,  that 
hornblende  rock  and  hornblende  schist  may  result  from  the  met- 
amorphism  of  clay- slate,  professor  Hitchcock  states  that  Bischof 
has  shown  it  possible  that  "even  in  lava,  the  hornblende  [some- 
times present]  was  not  formed  at  the  time  of  the  protrusion  of  the 
lava,  but  subsequently  in  the  wet  way;  and  the  associations  of 
hornblende  schist  forbid  the  idea  that  it  was  a  volcanic  product." 

In  reference  to  steatite  and  serpentine,  professor  Hitchcock 
states  that  *'there  are  at  least  sixty  beds  of  steatite  in  Vermont, 
and  twenty-five  beds  of  serpentine.  The  aggregate  of  serpentine 
is  more  than  double  that  of  steatite.  Regarding  the  steatite  and 
serpentine  rocks  as  of  one  age  in  each  range,  he  concludes  that 
there  are  four  ranges,  and  that  these  are  of  different  ages. 

As  to  origin,  he  regards  serpentine  as  originally  stratified,  refer- 
ring to  its  conformability  with  the  foliation  of  the  rocks  which 
embrace  it.  There  is  no  protruded  serpentine  in  Vermont.  Stea- 
tite, probably,  had  a  similar  origin.  He  believes  in  the  change  of 
"some  beds  of  hornblende  schist  and  diorite  or  greenstone,  into 
serpentine."  (p.  554) 

In  general  connection  with  the  subject  of  metamorphism,  profes- 
sor Hitchcock  makes  the  following  just  remarks: 

"The  distinction  between  stratified  and  unstratified  rocks  has 
been  usually  regarded  as  one  of  the  most  trenchant  and  reliable 
in  the  science  of  geology.  And  so  long  as  it  was  considered  a  cer- 
tain fact  that  the  stratified  rocks  were  exclusively  deposited  by 
water,  and  the  unstratified  all  resulted  by  dry  heat,  it  is  not  strange 
that  geologists  should  have  looked  upon  the  line  between  the  two 
classes  as  very  distinct  and  recognizable.  But  now  that  it  is  so 
generally  admitted  that  hot  water  has  been  the  most  efficient  agent 
in  metamorphosing  the  stratified  rocks,  and  converting  some  of 
them  into  the  unstratified,  we  can  see  how  the  distinction  between 
them  should  often  be  very  obscure  and  uncertain.  Such  is  cer- 
tainly the  case  with  serpentine  and  dolomite,  both  of  which  are 
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sometimes  stratified  and  sometimes  unstratified.  We  are  appre- 
heDsive  that  some  other  system  of  classification  most  be  adopted,  to 
include  sach  rock  and  also  such  varieties  of  gneiss,  and  even  some  of 
the  schists."  ( pp.  554-5. ) 

The  results  of  the  studies  of  professor  Hitchcock  and  his  coUab* 
orators  in  the  geology  of  New  Hampshire  are  embraced  in   three 
massive  royal  octavo  volumes.*    They  embody  a  vast  amount  of 
faithfully  elaborated  information  in  a  region  of  extreme  difficulty, 
which  had  hitherto  received  vastly  less  geological  than  mineralog- 
ical  study.     The  state  presented  extraordinary  difficulties,  arising, 
first,  from  the  absence  of  organic  remains,   those  time- marks  by 
which  the  geologist  is  able  to  recognize  his  position  in  the  progress 
of  SBons  past,  and  secondly,  from  the  destruction  of  the  traces  of 
superposition  by  those  orogenic  disturbances  which  almost  wholly 
obliterated  the  records  originally  made;  e^ud  finally,  by  the  meta- 
morphism  which  had  not  only  transformed  the  aspects   and   con- 
stitution of  rock-masses,  but  had  effected  alterations  of  such  varying 
nature  and  degree  as  to  defy  identification  by  the  usual  resemblances. 
In  this    trackless  geological    wilderness  the    geologist  entered, 
meagrely  equipped  for  his  great  work,  and  reported  to  the  state 
and  to  the  world  the  progress  made  from  year  to  year,  until  lapse 
of  time  and  exhaustion  of  means  rendered  it  imperative  to  pronounce 
final  verdicts.     As  a  matter  of  obvious  necessity,   the  geological 
conception  underwent  revision  and  augmentation  with  every  sea- 
son's addition  of  knowledge.     But  it  was  a  peculiar  merit  of 
professor  Hitchcock's  advaocing  work  that  he  was  ever  ready  to 
announce  the  shape  which  his  conception  of  the  State's  geological 
structure  and  history  had  attained  after  the  latest  acquisitions  of 
observed  fact.     A  less  unsuspicious  mind — perhaps  it  might  be 
said,  a  more  judicious  method,  would  have  enforced  more  reserve. 
The  difference  would  be  that  a  more  prudent  investigator  would 
have  reached  thoughts  not  more  mature  and  final,  but  would  have 
held  his  **best  thoughts"  in  reserve;  while  Hitchcock  freely  shared 
them  with  the  public.     It  has  been  found  possible  to  cast  censure 
on  professor  Hitchcock  that  his  annual   announcements  of  status 
reached  were  so  conflicting  and  changeful;  but  a  just  and  generous 
view  must  regard  them  simply  as  marks  of  the  progress  of  ideas, 
and  encouragments  to  all  who  may  be  grappling  with  equal  diffi- 
culties. 

*Oeoloay  of  New  Hampshire.  By  0.  U.  Ultohcook,  J.  U.  Huntington,  Warren  Upham 
and  G.  W.  Ha wes,  Volume  1,  containing  Part  I,  (1874)  "Physical  Oeography,"  868pp; 
Volume  11,  (1877,)  containing  Part  II,  "Stratlgraphlcal  Geology,"  685pp:  Volume  lU, 
(1878),  containing  Part  III,  "Surface  Geology,"  Part  IV,  "Mineralogy  and  Llthology," 
Part  V.  "Economic  Geology." 
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It  occurs  to  the  writer  that  it  may  be  best  to  present  first,  the 
series  oC  provisional  conclusions  announced  by  professor  Hitch- 
cock in  the  progress  of  his  work.  These  are  taken  substantially  as 
compiled  by  Whitney  and  Wadsworth — the  order  of  arraogement 
being  inverted,  in  conformity  with  the  method  of  this  memoir.* 


Annual  Reports.  1800l.1873. 
First  Annual  Report,  td69. 

Upper  Schists. 
<2uebec  Group. 

Auriferous  Conglomerate. 
.     Clay  Slate. 

Copper  Belt. 

Lower  (mostly  green)  Schists.  . 

Staurolite  Schists. 
White  Mountain  series  (Gneissio,  Granitic) 

2d  Annual  Report^  1870. 

Olay  Slates. 
Oaloiferous  Mica  Schist. 
OoOs  Group. 
Lower  Silurian. 

Quebec  Group. 

Merrlmac  Group. 
Common  Granite. 
Porphyritlo  Granite. 
Laurentian  (?)  Exeter  Syenites. 
Eozoio  (White  Mountain  or  Gneissic  Se- 
ries). 

Soapstones. 

Limestones. 

QuartzytH. 

Porphyritic  Granit**. 

Syenite. 

Granite. 

Ohiastolite  Slates.. 

Andaiusite  Gneiss. 

Feldspathlc  Mica  Schist. 

Granitic  Gneiss. 

Ferruginous  Gneiss. 

Normal  Gneiss. 

3d  Annual  Report  187 1. 

<JoOs  Group. 

Clay  Slate  and  Quartzytes. 

Laurentian  (?). 

Norian. 

Brecciated  Granite. 

Trachytic  Granite. 

Common  Granite. 

Andaiusite    Gneiss    (White    Mountain 
Gneiss), 

Gneiss. 

Bethlehem  GneLss. 

Porphyritic  Gneiss. 

4th  Annual  Report,  1S72. 
Division  3. 
Andaiusite  Slates  of  the  CoOs  Group. 


Mica  Schist. 
Quartzyte. 

White  Mountain  Series. 
Andaiusite  Gneiss*  Ordinary  and  Im- 
perfect Gneiss,  the  Concord  and  Fitz- 
wilUam  Granite,  Soapstono  and  Lime- 
stone. 
Granite  Gneiss. 
Laurentian. 
Granite  and  Porphyritic  Gneiss. 

Division  2. 

Norian  (Pemlgewa.sset  Basin). 

Green  Granite  and  Syenite. 

Four  Series  of  Compact  Feldspar. 

Spotted  Granite. 

Common  Granite. 
Laurentian. 

Franconia  Breccia. 

White  Mountain  or  Andaiusite  Gneiss. 

Bethlehem  and  Berlin  Gneiss. 

Porphyritic  Gneiss  and  Granite. 

Division  1. 
Helderberg. 
Cambrian. 
CoOs  Gn)up. 
Decomposing  Slates,  Dikes. 
Calciferous  Mica  Schist. 
Mica  and  Argillaceous  Schists. 
Quartzytes,  Staurolite  Schist^. 
Auriferous  Clay  Slates. 
Huronifili. 
Conglomerates  and  Quartzytes. 
Hydromica  and  Talcose  Schist. 

Proc.  Amer.  Assoc.  Adv.  of  Sci.,  1872. 
XX  i.  1:M,  135, 150. 

II.  Palasozofc. 
Clay  Slates. 

Helderberg  Limestones. 
1.  Eozoic. 

5.  Older  Caiubriau. 

Merrlmac   Group  and   probably 
Calciferous  Mica  Hchlst  of  the 
Vermont  survey. 
CoOs  Group. 
4.  Uuronian. 

The  Talcose  Schist  Series. 
3.  Exeter  Syenites. 
2.  Norian. 

/.  Bed  compact  and  Crystalline 

Orthoclase  Felsite. 
f.  Dark     compact    Orthoclase 
Felsite. 


•Bull.  Mm.  Comp.  Zool.,  Vol.  vli.,  p.  396. 
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d.  Compact  liabradorite  Felsl te. 

e.  OsBlpyte. 

b.  Trachytic  Granite. 
a.  Ck>mmon  Granite. 

1.  Laurentian. 

/.  Range  of  Gneiss  between 
Whitefleld  and  Milan,  con- 
siderably Hornblendlc. 

e.  Gneiss  on  lx)th  flanks  of  the 
Porphyritio  variety  in  the 
south  part  of  the  State,  car- 
rying the  Concord  and  Fltz- 
william  Granite,  and  is 
probably  the  Beryl- bearing 
Series. 

d.  Gneiss  of  Lake  Wlnnipiseo- 
gee  Basin. 

c.  Bethlehem  or  Talcose  Gneiss. 
h.  White    Mountain    Series    or 

Andaluslte  Gneiss. 
a.  Porphyritio  Gneiss. 

Proc.  Boston  Soc.  Nat.  Hiot.,  :;87a. 
XV,  304-309. 

V.  Palaoozoic. 

B.  Clay  Slates. 

A.  Helderberg  Limestone. 
IV.  Mostly  Cambrian  (?). 

P.  Mount  Mote  Conglomerates. 
E.  Green  Granite. 
D.  Clay  Slates. 

C.  CoOs  Group. 

B.  Merrimac  Group. 

A.  Mica    Schists    of     K(H-l<iiigiiaiu 
County. 
Hi.  HurDuiuii. 

Feldspar  and  Talf. 
Whitisli  Schists, 
(irecn  Sdiists.  • 

Talcose  anci   Aurifcn>us  Congioni- 
cratcs. 
i  I.  Laurentian. 

H.  Syenites  of  Ex«»ter  and  Tripyra 

mid. 
ft.  Keddisli  compact  Ortlioclase. 
V.  lied  compact  Orthoclase. 
K.  l)arl<  compact  Orthoclase. 

D.  Dark  compact  Labra<iorite. 
r.  Ossipyte. 

71.  Spotted  Granite. 
A.  Commcm  Granite  of  tlie   Wliite 
Mountains. 
I.  Laurentian  (?>. 

r.  Wlilte  Mountain   or    Andaluslte 

Gneiss. 
Ji.  Ret lileliem  Gneiss. 
--I.  Porpliyrltic  (Jn<'i.ss. 

I'Hoc.  Amek.  As.s(m".  Adv.  Sri..  IHT-i. 
xxll.  lJO-i:n. 

F.(»w>i<'. 
Mica  ScJiist. 
Kruptive  Syenite. 


Labradorian. 
Felsites  or  Compact  Feldspars. 
Eruptive    Granites    of    the   OasiiH 
Mountains. 
Laurentian  ( ?). 
White  Mountain  Series. 
Wlnnlpiseogee   Lake  Gneiss  Fomu 

tion. 
Porphyrltlc  Gneiss  or  Granite. 

Geol,ogy  op  New  Haitpshirs,  1874 
1.506-539. 

Uelderl)erg  Period. 
Mica  Schist  Period. 
CoOs  Group. 

(Cambrian  Auriferous  Clay  Slates. 
Merrimac  G  roup. 
Rockingham  Mica  Schist. 
Eozoic. 
Huronian. 

Conglomerate. 

Serpentine  with  Silicious  Schist  tnd 
Dolomite  and  Soapstone. 

I'opper  and  Iron  Beds. 
Labrador. 

Eruptive  Syenite. 

Fine  Sedimentary  Deposits. 

Chocorua  Granite. 

Albany  Granite. 

Conway  Granite. 
vVtlantic. 

Franconia  Breccia  Gnmp. 

Montalban. 

Lake  Gneiss. 

Bethlehem. 
Laurentian. 

Porphyritic  Gneiss. 

Wal.i.ing'8  Atlas  of  New  Hampshiri* 

1877. 
I*ala30zt)ic. 

Silurian. 

Slates,  Conglomerates,  etc. 

Helderberg  Limestones. 
Cambrian. 

Mt.  Mote  Conglomerate. 

Clay  Slates. 

('o<^s  Group. 

Caldferous  Mica  Schists. 

Rockingham  Schists. 
Huronian. 

Auriferous  Conglomerate. 

Lyman  Gnmp. 

Lisl>on  Group. 
Labrador  or  PemlgewasstM . 

Kxeter  Syenites. 

Compact  Feldspar. 

Ossipyte. 

Ch<K'orua  Granite. 

Albany  Granite. 

Conwaj'  Granite.     » 
Atlantic. 

Franconia  Breccia. 

M(mtalban  or  White  Mountain  Seri«*« 

Lake  Wlnnlpiseogee  Gneiss. 
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Bethlehem  Gneiss.  Montalban. 

Laarentian.  Franconia  Breccia. 

Porphyrinc  Gneiss.  Fibrollte  Schists. 


GBOLoar  OF  Nbw  Hampshibb,  1877. 
il.  674,  675. 


Ferruginous  Schists. 
Ck>noord  Granite. 

Gneiss  and  Feldspathlc  Mica  Schistic, 
i.  Stratified  OroupB.  Laurentian. 

PalaBOzoic.  Lake  Wlnniplseogee  Gneiss. 

Lower  Helderberg.  Bethlehem  Fine-grained  Gneiss. 

Galciferous  Mica  Schist.  Bethlehem  Ordinary  Gneiss. 

OoOs  Group.  Porphyritlo  Gneiss. 

Staurolite  Slate. 

Mica  SchLst.  ^^-  ^^Ptive  Afamoi. 

Quartzyto.  Augitio. 
Oambrian  Slates.  Diabase. 

Palceozoio  (?).  Diorite. 

Kearsarge  Andalusite  Group.  Feldspathlc. 
Rockingham  Mica  Schist.  Trachyte. 

Merrimac  Group.  Pequawket  Breccia, 

ferruginous  Slates.  Porphyry. 

Eocoic.  Labradorite  Diorite. 

Upper  Huronlan.  Granitic. 

Auriferous  Conglomerate.  Exeter  Syenite  and  Diorite. 

Lyman  Group.  Syenite  of  Mt.  Gunstock,  &o. 

Lisbon  Group.  Granite  not  otherwise  Assigned. 

Swift  Water  Series.  Granite  cutting  CoOs  Group. 

Hornblende  Schist.  Chooorua  Series. 

Lower  Huronlan.  Albany  Granite. 

Labrador.  Conway  Granite. 

In  a  region  where  palsBontologionl  aids  to  investigation  are  wan^ 
ing,  the  geologist  must  rely  on  indications  of  superposition,  physical 
conformities,  characteristic  minerals  and  petrographic  resemblan- 
ces. The  application  of  the  petrographic  criterion  is  involved  in 
distracting  difficalties  by  the  progressive  and  unequally-paced 
changes  which  crystalline  aggregations  have  undergone  in  the 
presence  of  the  dynamic  agents  of  geology.  Hence  the  greater 
necessity  for  seeking  always  the  evidenccR  from  superposition. 
Professor  Hitchcock,  with  a  true  evaluation  of  the  only  expedients 
available,  enunciated  in  1873,  the  fundamental  principles  by  which 
he  was  guided: 

"Logan,  in  1855,"  he  says,  "described  a  system  of  rocks  overly- 
ing unconformably  the  Laurentian  gneisses  about  Lake  Huron, 
which  were  distinguished  by  means  of  lithological  characters.  All 
geologists,  therefore,  who  use  the  name  Huronian,  of  necessity 
practically  adopt  this  principle,  though  perhaps  insensibly.  We 
do  not  claim  that  a  talcose  rock  can  never  be  found  in  any  other 
system  than  the  ^uronian,  nor  that  gneiss  may  never  be  stratified 
with  the  hydromicas.  Professor  Dana's  recent  paper  shows  that 
gneisses,  quartzites  and  limestones  are  interstratified  in  the  Silur- 
ian of  western  New  England.*  In  no  instance  would  we  claim 
that  mineral  character  is  sufficient  to  distinguish  systems  without 

*Proc.  Amer.  Aiunte.^  1873.  Sec  B,  p.  147. 
-12 
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a  study  of  the  relations  of  the  strata.  We  may  sometimeB 
alize,  and  believe  that  rocks  of  similar  mineral  characters  must  be 
of  the  same  age,  but  such  speculations  must  always  provide  {(x 
confirmation  by  a  study  of  the  strata."* 

An  application  of  the  mineralogical  criterion  is  seen  in  what,  in 
the  report  for  1870,  is  called  "porphyritic  gneiss." 

''There  are  over  Thirty  areas  of  porphyritic  gneiss  in  which  the 
feldspar  crystals  are  very  conspicuous  for  their  size,  the  rock  be- 
ing the  Aug  en-gneiss  of  Earope.  1  assume  that  all  the  areas  of 
this  rock  are  identical  in  age,  and  in  speculating  upon  the  relative 
positions  of  the  intervening  groups,  rely  upon  the  correctness  of 
this  starting-point.**  The  fact  of  minor  differences  would  seem 
to  confirm  our  assumption  of  their  identity  in  age,  just  as  the 
palsBontologist  finds,  from  the  presence  of  the  same  fossils,  pro&f 
of  contemporaneity  in  the  rocks  with  dissimilar  mineral  character. 
From  these  facts  it  is  inferred  that  the  porphyritic  gneiss  is  older 
than  the  Lake  or  the  Montalban  gneisses,  the  last  being  the  new- 
est.** It  may  as  well  be  said  now  as  at  any  time,  that  nothing 
older  than  the  porphyritic  gneiss  has  yet  been  discovered.  This 
formation  constitated  the  first  dry  land  in  the  8tate."t 

Professor  Hitchcock's  changes  of  opinion  are  illustrated  in  his 
record  in  reference  to  the  Norian.  This  division,  following  Hont^ 
was  first  introduced  into  the  report  for  1871.  Of  its  relative  posi- 
tion he  says: 

"All  will  agree  that  the  mineral  labradorite  belongs  to  the  origi- 
nal Laurentian  system;  and  therefore,  by  its  discovery  in  New 
Hampshire,  will  be  satisfied  that  some  of  our  crystalline  rocks  be- 
long to  the  older  series  of  the  Eozoic,  and  not  the  PalaBozoic.  Henoe 
the  prevalent  opinion  respecting  the  age  of  the  New  England  metam- 
orphic  rocks  must  be  changed  to  conform  with  the  discovery  of 
labradorite  in  our  state.*  *  Oar  conclusions  as  to  the  absolute  and 
relative  ages  of  the  New  Hampshire  formations  depend  upon  the 
reference  of  some  of  them  to  the  Norian  system  of  Hunt."I 

Professor  Hitchcock,  therefore,  in  establishing  the  high  geolog- 

*Pro.  Amn\  Awitc.,  1S73,  Sec.  B.  p.  147. 

*Fimi\  He]>ttrt  vol.  ii.  pp.  650,  660,  663,  664. 

tUciHiii.  1S71.  pp.  4-10.  The  allusion  made  in  tho  a1x)ve  paragraph  may  be  illostrated 
I)}-  tlie  followiufr  citations:  "To  tlie  Chomungf  and  Port4ige  group  of  New  York»*maj 
perhaps  bo  referred,  in  part,  the  rocks  of  the  White  Mountains  (Hunt,  Amer,  Jour.  Sd. 
1850.  II.  ix.  p.  v.);  Proc.  Amer.  A8S(tc.  1849,  II,  pp.  333,334.)  "It  is  moreover  probable  that 
the  n>cks  of  New  Hampshire,  including  the  White  Mountains,  are  altered  strata  of 
Devonian  aj;e."  (Hunt,  Gcol.  of  Cajiada^  1863,  p.  506.)  The  same  opinion  was  reiterated 
in  ^^7  {K>«iu(:*Af  gl'ologiquc  da  Canada,  p.  23;  BuU.  Soc.  g^ologique  de  France,  1867,  II,  xxiT. 
p.  6S7.)  In  1860,  professor  J.  P.  Lesleyex pressed  the  opinion  that  the  range  of  the  White 
Mountains  would  prove  to  be  synclinal  instead  of  anticlinal,  and  therefore  of  probable 
Devonian  age.    {Pn)C.  Acad.  Nat.  Sci.  Phil.,  1860.  xli,  pp.  363-364.)    Logan,  also,  accord- 
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leal  antiquity  of  the  White  moantains,  had  a  long-strengtheniog 
sentiment  to  combat.  It  was  recognized  however  as  Norian  by 
Hunt,  in  1873.* 

In  1872,  Hitchcock  more  formally  defended  the  sapposed  sedi- 
mentary character  of  these  rocks: 

''It  is  a  perplexing  matter  to^determine  the  lines  of  stratification, 
as  the  outcrops  are  divided  by  two  prominent  sets  of  jointed  planes, 
either  of  which  might  be  called  layers  of  deposition,  the  rock  being 
essentially  homogeneous.  One  set  dip  20°  northerly,  and  are  the 
most  numerous.    The  other  dip  about  75*^  WlO^S."t 

In  the  Report  for  1872,  published  later  than  this,  he  adds: 

*'As  the  latter  [joints]  correupond  better  in  position  with  the 
sapposed  strata  of  nodular  gneiss,  it  was  thought  they  indicated 
the  proper  lines  of  deposition."^ 

These  beliefs  were  iterated  in  1872.  Referring  to  the  same 
locality  and  the  same  terrane,  he  says: 

"The  rock  seems  to  be  stratified,  its  planes  dipping  about  20^* 
northerly  *  *  The  importance  of  this  discovery  may  be  best 
•appreciated  by  remembering  that  the*presence  of  the  lime  feldspars 
affords  a  strong  presumption  that  the  rocks  are  Eozoic,  and  not 
metamorpbic  PalsBozoic  formations.  It  seems  to  be  generally  ad- 
mitted by  geologists  that  the  feldspars  are  confined  to  the  older 
rocks,  except  as  found  in  eruptive  trappean  and  volcanic  masses."§ 

In  the  second  volume  of  the  Final  Report,  he  adheres  to  the 
same  opinions: 

'*I  was  at  first  satisfied  that  this  rock  was  gneiss,  but  did  not 
recognize  its  true  place  in  the  porphyritic  group.  Subsequently 
I  referred  it  to  the  '*trachytic"  or  Albany  granite,  but  a  re-exami- 
nation in  1875,  shows  that  it  belongs  to  the  oldest  of  our  forma- 
tions, and  is  distinctly  stratified,  traversed  by  trap  dykes,  and 
narrow  banded  veins  of  qaartz  *  *  The  labradorite  rocks  with 
a  very  moderate  dip,  rest  unconformably  upon  the  greatly  upturn- 
ed edges  of  the  Montalban  schists,  as  if  there  had  been  large  up- 
heavals at  the  close  of  the  Montalban  period,  and  comparatively 
little  distarbance  since.  *  *  The  facts  as  interpreted,  are  of  great 
consequence,  since  they  fix  the  geological  horizDU  of  the  whole 

ing  to  Hunt,  ro$?arded  them  as  probably  ''altered  Dovonian  strata"  (Azoic  R')okJS  pp. 
66.97.182.)  i&ee  also  Amsr.  Jour.  Set.,  II,  Ix,  19,  18i3;  II,  xxxi.  40),  1831.)  In  1870,  Hunt 
pronounced  the  White  mountains  Terranovan.  Amsr.  Jour.  SoL,  II.  1.  83-00, 1870.  The 
various  older  opinions  are  revlewred  at  len;;th  by  Hltchoock  In  Final  Report,  11, 181, 
10B,2M-7. 

•Proc,  Boston  Soc.  Nat.  Hist,  xv,  p.  310, 1873. 

+**The  Norian  Bocks  of  New  Hampshire,"  Amer.  Jour.  Sci.  Ill,  111,  43-47, 1872. 

tAnn.  Rep.  1872.,  pp.  1.5,  IG. 

%Proe,  Amer,  Aasoc.,  1872.,  xxi,  pp.  135-151. 
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Atlantic  system,  while  considerations  of  a  stratigraphioal  character 
confirm  this  impression.  *  *  The  discovery  of  the  Labrador  syB- 
tern,  overlying  the  most  abundant  and  characteriatic  White  Moan- 
tain  strata,  makes  it  clear  that  the  latter  are  older  than  the  former, 
which  are  confessedly  Eozoic."* 

In  spite  of  this  oft  repeated  conviction  of  the  sedimentary  nature 
of  these  labradorite  rocks,  and  of  their  occarrence  in  seven  differ- 
•nt  areas  among  the  White  moantains,  we  find  professor  Hitch- 
cock on  a  later  page  of  the  same  volume,  employing  the  following 
language: 

''The  Labrador  system,  if  present  in  New  Hampshire,  is  in  very 
limited  amount.  Becent  investigations  make  it  difficult  to  say 
that  the  labradorite  rocks  are  not  of  eruptive  character.  They 
have  the  composition  of  dolerite;  and  certain  exposures  of  them 
upon  Mount  Washington  are  surely  injected  dykes.  Hence  great 
doubt  arises  whether  the  larger  area  of  Waterville  really  repre^ 
sents  the  Labrador  system  of  Canada.  At  all  events,  its  age  k 
great,  for  these  dykes  cut  through  the  Montalban  strata  [He  had 
very  recently  said  the  labradorite  rocks  rest  discordantly  on  the 
upturned  edges  of  the  Montalban].  This  dolerite  may  be  regarded 
as  one  of  the  oldest  eruptive  rocks  in  the  State,  coming  to  the  snr- 
f ace  in  what  was  the  labrador  age  of  the  world."t 

The  eruptive  nature  of  this  mass  was  detected  by  Dr.  Hawee; 
and  is  recorded  in  the  third  volume  of  the  New  Hampshire  re- 
port, dated  1878,  though  it  does  not  appear  at  what  date  Partiii 
was  printed,  nor  at  what  earlier  date  it  was  prepared.     He  says: 

"Gabbro  is  found  in  immense  masses  in  Waterville  and  in  the 
vicinity  of  Mount  Washington.  The  relationships  of  its  masses  to 
the  surrounding  strata  are  not  so  easily  determined  as  those  of  the 
little  dikes  of  diabase  and  diorite,  the  walls  of  which  are  usually 
plainly  seeu ;  but  at  some  points  the  rock  possesses  all  the  strac- 
ture  of  an  eruptive  mass  and  when,  in  other  places,  this  is  not 
found,  the  evidence  furnished  by  more  favorable  localities,  as  well 
as  that  furnished  by  allied  rocks  in  other  lands  where  they  have 
been  more  thoroughly  investigated,  must  at  present  be  decisive."^ 

Dr.  Hunt  now  found  occasion  to  change  his  position: 

'*The  labradorite  rocks  in  the  White  Mountains,  which  had  by 
Hitchcock  been  referred  to  norite,  are  now  found  by  him  to  be 
eruptive  ma88e8."§ 

The    ''porphyritic  gneiss''  always  commanded  the  attention  of 

*Final  Report  II.  pp.  214.258,206. 
•FHnal  Iteport,  il,  p.  6(57. 
tFincU  Heport  New  IJampHhii-c.  lil,  p.  16r>. 
iAzoic  Riichti,  p.  181. 
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professor  Hitohoock.    He  early  published  observations  as  follows: 

'The  sections  given  of  the  common  granite,  trachy  tic  ^anite  and 
the  Norian  series  (or  at  least  certain  felsites)  seem  to  determine  their 
relative  positions,  the  last  being  at  the  top.  The  brecciated  gran- 
ites of  Franconia  seem  to  be  older  than  any  of  these  and  to  under- 
lie them.  *  *  If  these  points  are  assumed,  the  porphyritic  gneiss 
can  be  shown  to  be  at  the  bottom  of  the  series,  for  it  lies  outside 
of  the  lowest  of  them."* 

In  the  next  annual  report  the  ''porphyritic  group  is  described 
as  consisting  **mainly  of  gneiss  full  of  large  crystals  of  orthoclase 
feldspar,  associated  with  ferruginous  and  other  bands.  It  is  re- 
garded as  the  oldest  of  all  the  formations  in  the  State,"  for  reasons 
which  are  enumerated."t 

The  position  of  this  gneiss  is  again  referred  to: 

'^f  the  felsite  series  is  of  the  age  of  the  Upper  Laurentian  or 
Labrador  of  Logan,  then  by  the  law  of  superposition,  the  strata 
underneath  the  common  granite  are  Lower  Laurentian.  Observa- 
tion showed  us,  at  this  phase  in  the  development  of  the  White 
Mountain  structure,  two  gneisses  and  a  breccia  underneath  the 
granitic  sheet.  The  most  important  is  the  'Torphyritic  gneiss,"  or 
granite  sometimes.  This  is  a  gneiss  having  large  crystals,  usually 
one  and  a  half  inches  long,  of  orthoclase,  arranged  in  layers  in  the 
mass,  with  the  longer  axes  parallel  to  each  other.  These  we  con- 
ceive to  be  the  strata.*  * 

**  The  descriptions  of  the  Laurentian  rocks  in  Canada  and  Europe 
make  mention  of  large  quantities  of  porphyritic  gneiss  ;  hence  we 
feel  warranted  in  referring  these  lower  schists  to  the  Laurentian 
system.     We  have  found  nothing  older  in  the  state."  X 

Again,  in  a  later  discussion  of  the  parallelism  of  the  groups  rec- 
ognized in  New  Hampshire,  having  mentioned  the  Canadian  sys- 
tems, Laurentian,  Labrador,  Huronian  and  Cambrian,  he  says  : 

"  The  first  two  of  our  groups  may  be  referred  to  the  oldest  of 
these,  the  Laurentian,  without  hesitation.  We  do  not  possess  ex- 
haustive information  about  the  occurrence  of  this  oldest  system  in 
other  regions.  So  far  as  is  understood,  there  are  two  sorts  of  asso- 
ciated rocks  in  its  typicdl  localities,  one  being  largely  pyroxenia 
That  variety  is  wanting  in  New  Hampshire.  A  porphyritic  or 
Atigen- gneiss  is  eminently  characteristic  of  the  fundamental  rocks 
in  every  part  of  the  world ;  and  hence  ours  may  readily  be  called 
Jjaurentian.    *    *    [After  correlating  succeeding  New  Hampshire 


•Annual  Report,  187t  pp.  25-27. 

^Anrntai  Btport ,  1872,  p  11. 

tProc.  Amer.  Aa9oe,f  1872,  xxi,  pp.  146-6. 
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gronpB,  he  oontinues.J  The  Montalban  series  are  oertamly  not 
oharftoteristic  of  the  Lanrentian.  *  *  Dr.  Hunt  is  satisfied  that 
they  overlie  the  Haronian  or  greenstones.  Oar  own  obseryatioos^ 
lead  to  the  view  that  the  typical  Montalban  rocks  underlie  the 
same,  as  recently  stated,  though  the  precise  relationship  is  not  be- 
yond controversy."* 

I  make  but  two  citations  further  bearing  on  the  structural  char* 
acter  and  taxonomio  disposition  of  New  Hampshire  Archaean  rocks. 
The  first  is  connected  with  the  genesis  of  certain  systems  : 

**  If  these  granites  behave  like  a  stratified  formation,  of  oonrse 
the  question  is  at  once  raised  whether  they  should  not  be  regarded 
as  trae  strata.  The  answer  cannot  be  given  from  position  merdj^ 
since  it  is  not  uncommon  to  find  sheets  of  trap  or  lava  holdiDg  s 
perfectly  analogous  position.  We  have  preferred  to  think  of  the 
White  Mountain  coantrv,  at  the  end  of  the  Laurentian  period,  as 
an  immense  basin,  upon  which  there  was  an  overflow  of  commoD 
granite.  Being  liquid  it  spread  itself  out  like  water,  assuming  a 
horizontal  surface.  After  a  while,  there  was  an  eruption  of  trachytb 
granite,  which  spread  itself  in  the  same  way.  Subsequently 
the  felsites  were  formed  above  them  conformably.  It  would  be 
natural  to  regard  these  granites  and  felsites  as  belonging  to  one 
period,  the  Norian.  The  limits  of  this  system  have  not  been  fixed; 
and  it  seems  as  if  in  New  Hampshire,  it  should  commence  in  the 
common  granite  and  end  with  the  red  ortboclase  felsite."t 

The  second  citation  is  an  observation  of  Mr.  Huntington,  who 
says  of  the  porphyritic  gneiss  : 

*'  The  fact  that  rounded  fragments  of  a  dark  gneiss  are  found  in 
the  porphyritic,  shows  that  the  porphyritic  rock  in  Fitzwilliam  is 
either  intrusive,  or  that  in  the  process  of  metamorphism,  these 
fragments  were  not  obliterated,  and  that  the  dark  gneiss  —  which 
is  very  limited,  but  resembles  some  varieties  of  the  Bethlehem 
gneiss  —  is  the  older  rock."  J 

Reference  has  been  made  to  the  evidence  borne  on  the  pages  of 
the  Vermont  and  New  Hampshire  reports,  that  the  geological  dis- 
order reigning  in  those  states  is  of  the  most  perplexing  character. 
Observations  of  strike  and  dip  defy  co-ordination,  except  within 
very  limited  areas.  Many  pages  are  devoted,  in  different  portions 
of  the  second  volume,  to  records  of  dip  and  strike,  but  no  general 
tendencies  to  groups  or  systems  of  strikes  is  distinctly  apparent^ 

•Final  Report,  li,  668,  66U.    See  further,  pp.  98, 99, 102,  274. 

•Proc.  Amer.  Assoc.,  1872,  xxl,  145. 

•Final  Report,  1!,  472.    See  also,  pp.  513-514. 
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I  copy  at  random,  for  illnstration,  the  records  made  of  the  dip  of 
the  rocks  of  the  "Montalban  series  "  in  a  single  town,  Grafton  : 

At  MoKelton's.  8.  60°  E.,  72°. 

At  mica  quarry,  N.  32°  E..  80°. 

At  west  side,  S.  50°  E.,  75°. 

At  north,  8.  63°  E.,  70°. 

At  i  mile  southeast  of  J.  Martin's,  8.  78°  E.,  70°. 

At  Alger  hill,  N.  62°  E..  75°. 

At  H.  Bullock's,  8.  38°  E.,  50°. 

At  Prescott  hill,  N.  82°  E.,  40°. 

i  mile  northeast  of  T.  Fobs',  8.  65°  K,  70.° 

At  Mrs.  Arvin's,  8,  62°  E.,  78.° 

At  Tewkesbury  pond,  8. 33°  E.,  75.° 
Nevertheless,  professor  Hithchcock  has  given  us,  near  the  close 
of  this  volume,  a  chart  of  ''Principal  axial  Lines  of  Vermont  and 
New  Hampshire."  He  says:  ''This  is  the  final  summing  up  of  aU 
the  multitudinous  observations  of  this  report.  *  *  This  map  and 
the  statements  of  the  last  few  pages  are  the  key  to  Part  IL  They 
are  the  generalizations  derived  from  our  entire  work,  both  in  the 
New  Hampshire  and  Vermont  surveys."* 

Turning  to  the  chart,  we  observe  a  series  of  broadly  sinuous  lines 
drawn  across  the  two  states,  having  in  western  Vermont  a  general  di- 
rection nearly  north  and  south ;  in  the  eastern  part  of  the  state,  a  gen- 
eral conformity  to  the  trend  of  the  Connecticut  river;  and  in  New 
Hampshire,  a  still  stronger  tendency  to  a  NNE  direction,  with  some 
irregularities  in  the  White  Mountain  region.  These  are  simply 
lines  of  observed  structure.  We  are  told  also,  that  at  every  x)oint, 
they  are  the  average  of  the  different  strikes  observed.  This  is 
worth  something;  but  geologists  will  be  better  satisfied,  when, 
from  this  multitude  of  discrete  data,  some  later  hand,  if  not  pro- 
fessor Hitchcock's,  shall  have  evolved  the  deep  historic  and  gene- 
tic truth  concerning  the  sequence  and  vicissitudes  of  this  puzzling 
complex  of  terranes. 

Thomas  Benton  Brooks. 

1873.  The  progress  of  the  investigation  undertaken  by  Major 
Brooks  under  the  auspices  of  the  Geological  8urvey  of  Michigan, 
in  1869,  was  shaped  by  complete  sympathy  with  the  general  views 
then  prevailing;  and  those,  it  is  just  to  say,  were  strictly  Canadian. 
The  Canadian  survey  had  settled  in  the  conviction  that  the  iron- 
bearing  rocks  of  the  Marquette  region  were  all  of  one  age,  and  they 
were  of  the  same  age  as  the  rocks  north  of  lake  Huron  which  they 

*Flnal  Report.  II,  p.  673. 
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had  long  known  as  Haronian.  Thus  the  geologists  of  Michigan  came 
into  the  traditional  belief  that  the  whole  territory  of  the  Northern 
Peninsula  of  the  state  was  covered  by  the  Haronian  and  LanrentisB 
systems — ^save  the  recognized  Lower  Silorian  angle  at  the  east— 
the  St.  Mary's  peninsnla.  Major  Brooks,  as  the  result  of  four 
years  of  investigation,  concluded  that  the  whole  geology  of  th 
Marquette  district  above  the  Laurentian,  might  be  embraced  in  a 
certain  number  of  groups,  which  he  designated  numerically.  M 
the  characterization  of  these  groups  will  be  the  best  exhibit  of 
major  Brooks'  views,  and  as  these  numerical  designations  are 
necessary  matters  of  frequent  reference  among  geologbts,  they 
will  be  at  once  presented.* 

XX.     Granites  southwest  of  Lake  Michigamme  (Taken  from 

Wis,  Rep.,  iii.  648. 

XIX.    Grayish- black  Mica-Schist,  often  staurolitic,  and  holding 

andalusite  and  garnets,     Barely  chloritic  schists. 

XYIII.     (Doubtful).     Quartzyte  west  end  of  Lake  Michigamme? 

XYIL     Anthophyllitic  schist,  with  iron  and  manganese. 

XYL     (Uncertain.)    Contains  some  hsematite. 

XY.     Argillyte, 

XIY.     Quartzyte,  often  conglomeritic.    Position    immediately 

over  the  ore.     Contains  neither  marble,   talc  nor  novae- 

ulyte;  very  rarely  argillyte. 

XIII.     Specular  and  magnetic  ore.     The  principal  bed. 

XTI.     Banded,  ferruginous,  Jaspery  schist. 

XL     Coarse  diorijte,  with  a  light  grayish  and  reddish  feldspar. 

X.     Silicious,  ferruginous  schists. 

IX.     Dioritic  rock. 

VIII.     Silicious,  magnetic  schists.     "Flag-ores." 

YII.     Dioritic  rock. 

YI.     Silicious.  magnetic,  banded,  chloritic  schists. 
Y.     Quartzyte,  sometimes  containing  marble  (used  as  flax) 

and  beds  of  argillyte  and  novaculyfe.  Yery  persistent  Verj 

seldom  conglomeritic. 

lY.     Silicious,  ferruginious  schist. 

III.     Silicious,  ferruginious  schist. 

II.     Silicious,  ferruginous  schist. 

I.     Silicious,  ferruginous  schist. 

[The  crystalline  schists  follow  below.] 

"These  beds,"  he  says,  "appear  to  be  metamorphosed  sedimea- 
tary  strata,  having  many  folds  or  corrugations,  thereby  forming  ia 

•The  table  is  compiled  from  the  Michioan  Report,  Vol.  I.  pp.  85-116. 
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the  Marqnette  region,  an  irregalar  trough  or  basin,  whioh,  oom- 
menoing  on  the  shore  of  Lake  Superior,  extends  west  more  than 
forty  miles  *  *  While  some  of  the  beds  present  lithologioal  char- 
acters so  constant  that  they  can  be  identified  wherever  seen ;  oth- 
ers nndergo  great  changes.  Marble  passes  into  qaartzite,  which 
in  torn,  grad nates  into  novacalite;  diorites  almost  porphyritic,  are 
the  eqaivalents  of  soft  magnesian  schists.  *  *  The  total  thickness 
of  the  whole  series  in  the  Marqnette  region,  *  *  may  aggregate 
5,000  feet. 

"Near  the  junction  of  the  Huronian  and  Laurentian  systems,  in 
the  Marqnette  region,  are  several  varieties  of  gneissic  rocks,  com- 
posed in  the  main  of  crystalline  feldspar,  with  glassy  quartz  and 
much  chlorite.  Intersecting  these  are  beds  of  hornblendic  schist, 
argillite  and  sometimes  chloritic  schist  These  rocks  are  entirely 
beneath  all  the  iron  beds,  seem  to  contain  no  useful  minerals  or 
ores,  and  are  of  uncertain  age.  No  attempt  is  here  made  to  de- 
scribe or  classify  them."  (p.  84.) 

Of  the  "diorytes,  dioritic  schists  and  related  rocks"  he  says: 
''These  obscurely  bedded  rocks  *  *  range  in  structure  from  very 
fine-grained  or  compact  (almost  aphani tic)  to  coarsely  granular 
and  crystalline,  being  sometimes  porphyritic  in  character.  *  *  On 
the  one  hand  it  graduates  into  a  heavier,  tougher,  blacker  variety, 
which  is  unquestionably  hornblende-rock,  with  some  feldspar.  *  * 
On  the  other  hand,  it  passes  into  a  softer,  lighter  colored  rock,  of 
lower  specific  gravity,  which  while  it  has  the  same  streak,  weathers 
similar  to  true  diorite,  is  eminently  schistose  in  character,  split- 
ting easily,  and  appearing  more  like  chloritic  schist  than  any  other 
rock,  (p.99.) 

''At  several  points,  dioritic  schists,  semi-amygdaloidal  in  char- 
acter, were  observed;  and  in  one  instance,  the  rock  had  a  strong 
resemblance  to  a  conglomerate."  (p.  99.) 

"At  Republic  mountain,  a  doleritic  schist  graduates  into  a  black 
mica-schist,"  (p.  100).  Dr.  Hunt  expresses  the  opinion  that  in  the 
ease  of  Marquette  diorites  the  hornblendic  mineral  often  becomes 
softened  and  hydrated,  passing  into  a  degenerate  form  more  nearly 
allied  to  chlorite  or  delessite  (in  which  water  is  an  essential  con- 
stituent) than  to  a  true  hornblende."  (p.  101.) 

"The  bedding  of  the  rocks  is  generally  obscure,  and  in  the 
granular  varieties,  entirely  wanting.  It  is  usually  only  after  a  full 
study  of  the  rock  in  mass,  and  after  its  relations  with  the  under- 
and  overlying  beds  are  fully  made  out,  that  one  becomes  convinced* 
whatever  its  origin,  it  presents  in  mass,  precisely  the  same  pheno- 
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mena,  as  regards  stratification,  as  do  the  accompanying  schists  and 
quartzites."  (p.  102.) 

Of  magnesian  schists,  ('^mostly  chloritic/')  he  says: 

"Intercalated  with  the  pure  and  hard  mixed  ores  at  all  the  mines 
worked  in  formation  XIII,  are  layers  of  a  soft,  schistose  rock,  of  some 
shade  of  grayish-green,  and  often  talcy  in  feeling.  *  *  It  is  an- 
questionably  a  magnesian  schist,  varying  from  chloritic  to  talcoee 
in  character,  and  sometimes  apparently  containing  a  large  percent- 
age of  argillite."  (p.  104.) 

''A  very  peculiar  occurrence  of  this  rock  are  the  so-called  ^slate- 
dykes,'  which  can  be  seen  at  the  New  Eagland,  Lake  Superior  and 
Jackson  mines,  but  still  better  in  the  quartzite  ridge  just  north  of 
the  outlet  of  Teal  Lake."* 

Speaking  of  the  quartzyte  (No.  XIY,)  he  says: 

'*As  if  to  leave  in  our  minds^  no  shadow  of  doubt  as  to  the  sedi- 
mentary origin  of  this  rock,  nature  has,  in  addition  to  the  con- 
glomerate on  the  Spurr  mountain  range,  given  us  a  variety  of  the 
Upper  Quartzite,  which  can  only  be  described  as  a  fine  grained, 
friable  banded  sandstone."  (p.  108.) 

In  discussing  argillytes,  he  says,  in  addition  to  beds  interstrati- 
fied  in  the  quartzytes: 

"At  least  two  distinct  beds  of  argillite  have  been  made  out;  one 
immediately  beneath  the  ferruginous  schist  of  formation  X,  to  be 
seen  in  outcrop  on  the  south  shore  of  Teal  Lake,  near  west  end, 
and  in  the  rail-road  cut  about  one  mile  east  of  Negaunee.  Another 
and  far  more  extensive  bed  is  XY,  which  forms  the  stratum  next 
above  the  upper  quartzite.  Color  usually  dark  brown  or  blackish; 
but  where  associated  with  the  marble,  it  is  sometimes  reddish.  It 
has  a  true  slaty  cleavage  distinct  from  the  bedding.  *  *  Black, 
carbonaceous  matter  is  often  present"  (p.  111.) 

''Beyond  the  limits  of  the  Marquette  region,  we  find  in  the  re- 
cently explored  Huron  Bay  District,  the  finest  clay-slates  so  far 
discovered  in  Michigan."!  Within  the  Marquette  district,  he  finds 
a  carbonaceous  shale  more  highly  charged  with  graphitic  material,, 
"of  a  bluish-black  color,  but  burns  white  before  the  blow-pipe, 
marks  paper  like  a  piece  of  charcoal,  is  soft  and  brittle,  slaty  in 
structure,  and  having  a  specific  gravity  of  but  2.06." 

"This  rock  has  been  fouad  in  the  Marquette  region  only  at  two 
localities:  1.  The  S.  C.  Smith  mine,  T  45,  B  25,  where  it  seems 
to  bound  the  iron  ore  formation  on  the  northeast.  2.  On  the 
south  side  of  Sec.  9,  T.  49,  B.  33,  along  Plumbngo  brook."    Analy- 

*See  this  occurrenco  described  by  the  writer  In  XVI  Ann.  Rep.  Mtnn,  p.  180. 
"^Thls  shale  Is  recognized  as  identical  with  that  occurring  west  of  lake  Gogebic. 
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sis  gave  professor  Bmsh  20.86  percent  carbon.  'The  analyses 
prove  the  material  to  have  no  commercial  yalae,  bat  possesses 
scientific  interest  as  proving  the  existence  of  a  large  amount  of 
carbon  in  the  Horonian  rocks.  The  eqaivalency  of  these  shales 
with  the  members  of  the  Marquette  series  has  not  been  established; 
they  are  undoubtedly  Huronian,  and  are,  I  suppose,  younger  than 
the  ore  formation  XUI."  (116.) 

Major  Brooks  reported  also,  in  a  condensed  way,  on  the  Menom- 
inee Iron  Bange  (pp.  157-182,)  and  very  briefly,  on  the  Lake 
Gk>gebic  and  Montreal  river  Iron  Bange  ( pp.  183-6).  In  connection 
with  the  latter,  he  presents  a  section  showing  the  unconformable 
junction  of  the  (so-called)  Huronian  with  the  (so-called)  Lauren- 
tian.  This  is  the  same  unconformity  as  has  since  been  pointed  out 
by  Sweet,  Irving  and  others.* 

1879.  Major  Brooks,  in  1879,  made  further  publication  of  his 
views  respecting  the  Menominee  region,  and  particularly,  that  part 
of  it  which  extends  into  Wisconsin,  f  Of  his  earlier  Michigan 
work  he  makes  the  following  memorandum  : 

"My  reconnoissance  of  the  northeastern  side  of  the  Menominee, 
the  results  of  which  are  given  in  the  Geological  Survey  of  Michi- 
gan, vol.  I,  1873,  gave  valuable  data  ;  but  that  work  on  the  whole, 
was  incomplete  and  crude,  and  will  be  superceded  by  this  report, 
which  is,  however,  not  complete  in  several  directions.";!^ 

He  recognizes  the  "Keweenaw  (copper  series)"  among  the  rocks 
of  his  district  The  Huronian,  he  states,  is  "  known  to  rest  non- 
oonformably  on  the  granite  and  gneissic  rocks,  regarded  as  of 
liaurentian  age."  [He  is  here  understood  to  refer  to  the  Penokee 
unconformity.]  As  to  the  Huronian,  he  claims  to  have  succeeded 
in  determining,  in  the  Menominee  region,  the  equivalents  of  his 
numbered  groups  in  the  Marquette  region  ;  and  it  will  be  useful 
to  reproduce  the  essential  parts  of  his  table  : 
XX.     Oranite,  gneiss  and  porphyryte, 

XIX.     Mica'Schist,  hornblende-schist  and  gneiss.     Black,  sub- 
I  carbonaceous  slate  and  chloritic  schists. 

XVIII.     ( Not  observed. ) 

•Trans,  WU.  Acad.,  1875-6.  Ill,  43-44  ;  Amer.  Jour.  Sc(.,  1877,  III.  xlll,  308.  This  Whitney 
and  Wadsworth  call  a*' supposed  unconformabllity "  {BaU.  Mus.  Comp.  Zfx7I.,  vii, 496, 
408,  407),  adding;  that  "tlio  proof  advanced  was,  that  the  foliation  of  the  granite  and 
^elss  dipped  at  a  different  angle  from  tliatof  the  Huronian  rooks."  *  *  ••  They  have 
failed  to  observe  the  phenoxaena  of  contact,  when  seen,  beyond  the  mere  fact  of  a  diff- 
erent dip  to  the  foliation  observed."  Such  Uh)  frequent  rude  contradictions  might  with 
more  courtesy  have  given  place  to  expressions  of  doubt;  but,  with  more  Justice,  to 
expressions  of  respect  for  the  authority  of  such  excellent  observers. 

fOeoIoffi/o/  WUcowfin,  vol.  Ill,  Pt.  vil,  pp.  420-469,  with  appended  microscopical  ob8<»r- 
vations  by  Dr.  Arthur  Wichmann  (of  Leipzig),  pp.  eOO-656,  and  Appendices,  pp.  667-663. 

tOtcHogyof  WUeonain,  Hi.  p.  431. 
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XYII.  Gray  gneiss  with  small  crystals  of  triolinio  feldspar,  and 
large  ones  of  orthoclase.  Associated  with  homblende- 
chloritic-and  miGEkceoxiQ-quartz-schist  The  Common- 
wealth Iron  horizon. 

XYI.     Schistose  greenstone,  with  micaceous,  ohloritic,  qnartzose 
varieties.     Dioryte  (gabbro?). 

XV.     (Not  identified.) 

XIV.     Light-gray,  specnlar,   conglomeritic  quartz^chist,  con- 
taining  mica  and  magnetite. 

XIII-VIII.     (  Not  identified. ) 

VIL     Gray  and  red,  soft,  nnctous,  hydromicaceous  schist^  grad- 
uating into  clay-slate. 

VI.    Iron  ore.    Banded,  qnartzose,  ferruginioas  schist 

V.     Dolomite  marble  with  cherty  laminae.    Very  thick  and 
piomineni 

IV  and  IIL     ( Not  identified. ) 

II.  Lower  quartzyie,  massive  to  semi-schistose,  arenaceous, 
in  places  micaceous  and  actinolitic,  with  occasional  spec- 
ular ore.  Felch  mountain  supposed  in  this  horizon. 
I.  Chloritic  gneiss;  hydrous-magnesian  schist;  slate-can- 
glomerate;  quartzyte  and  perhaps  dioryte.  (Possibly 
Laurentian.) 

Comparing  the  Huronian  rocks  of  different  regions,  Major  Brooks 
reaches  the  following  conclusions: 

1.  The  Huronian  rocks  are  generally  rich  in  species  and  varie- 
ties, but  the  maximum  of  varieties  is  found  in  the  Marquette  and 
Menominee  regions.^' 

2.  '*The  points  of  resemblance  between  the  Marquette,  Menom- 
inee, Sunday  Lake  and  Penokee  series  are  so  numerous  as  to  point, 
I  think,  unmistakably  to  their  having  been  formed  in  one  basin, 
and  under  essentially  like  conditions." 

He  adds:  I 

"Those  who  are  not  disposed  to  admit  that  lithology  affords 
much  assistance  in  identifying  rock-beds  over  even  small  areas, 
should  have  in  mind  that  the  Lower  Silurian  sandstone  can  now  be 
seen  quite  uniform  in  character,  over  a  much  greater  area  in  the 
same  region.  Almost  the  same  remark  may  be  made  of  the  under- 
lying Eeweeuian  rocks.  Cannot  approximately  as  favorable  con- 
ditions have  existed  for  the  formation  of  a  particular  kind  of  rook 
over  a  smaller  area  at  the  earlier  period?*'* 

*G€olo(fV  of  WisconBin,  Hi,  440-50. 
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Newton  Horace  Winohell. 

1873.  The  seoood  season  of  the  Geological  sarvey  of  Minnesota 
found  professor  Winohell  engaged  in  an  examination  of  the  geology 
of  the  Minnesota  river.  In  describing  the  oatcrops  of  the  "  Gran- 
ites of  the  Valley,"  *  he  noted  some  features  which,  in  his  later 
researches  have  proved  to  possess  great  significance,  the  older 

observers  either  not  having  noticed  them,  or  failed  to  inquire 
under  what  conditions  they  have  been  produced.  This  granite  is 
the  common  ternary  variety.  In  the  neighborhood  of  Granite 
Falls,  he  says,  in  his  description,  '* there  are  sudden  changes  in  the 
rock,  from  real  granite  to  hornblende  schist.  These  occur  irregu- 
larly." He  speaks  of  the  formation  as  having  a  dip,  and  supposes 
it  due  to  original  sedimentation. 

1880.  The  ninth  annual  reportf  of  the  Geological  survey  of 
Minnesota  contains  "A  Preliminary  List  of  Bocks,"  442  in  number, 
collected  by  professor  Winchell,  on  a  tour  made  during  the 
season  of  1878,  from  Duluth  along  the  north  shore  of  lake  Super- 
ior, to  Pigeon  point,  and  thence  through  the  interior  by  the  line  of 
lakes  and  streams  marking  the  international  boundary,  westward 
to  Vermilion  lake,  and  still  thence  to  the  Mississippi  river.  Both 
portions  of  the  route  had  been  previously  traversed — the  line  from 
Grand  Portage  along  the  boundary,  by  Houghton,  Norwood,  the 
Oanadian  geologists,  and  a  long  succession  of  traders;  but  no 
previous  explorer  had  gone  with  so  settled  a  purpose  to  penetrate 
the  mysteries  of  the  off-shore  geology;  and  no  one  had  made  its 
study  the  chief  end  of  his  visit.  Norwood  was  on  a  hasty  reconnois- 
sance  over  an  extended  line;  Houghton  made  a  brief  excursion  as 
far  as  to  Mountain  lake  and  returned;  and  Bell  passed  over  the 
route  chiefly  for  the  purpose  of  reaching  the  Canadian  territories 
about  the  Lake  of  the  Woods.  The  tour  of  1878  was  somewhat 
carefully  studied,  step  by  step.  Not  only  were  rock  masses  invest- 
igated petrographically  and  structurally,  but  the  plans  of  the  con- 
tours of  the  country,  the  systems  of  their  building  up,  the  great 
obvious  movements  by  which  juxtapositions  and  superpositions 
had  been  effected — these  fundamental  phenomena  were  all  taken 
in  by  a  broad  sweep  of  observation,  and  the  problems  connected 
with  them,  if  not  at  the  time  resolved,  were  placed  in  the  midst  of 
surroundings  which  continued  thereafter  to  throw  important  light 
on  them.  It  is  worth  the  while  to  note  some  of  the  observations 
made — at  the  time,    apparently  isolated,   bat  afterward  wrought 


*Seeofid  Animal  Report  of  Minnesota,  1873,  pp.  100-176. 
f  Ninth  Report,  pp.  10-114. 
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into  the  great  geological  conceptions  which  seem  now  to  represent 
much  of  the  truth. 

On  the  west  side  of  Grand  Portage,  slate  was  seen  which  was 
probably  the  first  recognition  in  Minnesota  of  the  Animike  f orma- 
ion,  isolated  by  Hunt  in  1873,  and  of  which  so  much  was  to 
become  known.  This  is  subsequently  ideutified  as  the  "silico- 
argillaceous  slate"  of  Norwood.  The  ''slate  and  quartzyte  of 
Pigeon  Biver  Falls  '*  are  said  to  dip  south.  Numerous  islands  off 
the  shore  are  visited.  The  principal  rock-axis  of  Pigeon  point 
peniuEula,  is,  he  says,  "not  evidently  a  dyke,  but  a  massively 
bedded  or  coarsely  jointed  formation  which  extends  west,  and  soon 
rises  over  fifty  feet  from  the  water,  and  shows  a  basaltic,  mouatain- 
like  structure.  It  resembles  the  rock  and  structure  of  Bice  point 
(near  Daluth)  and  may  be  parallelized  with  it  in  age,  aud  here  is 
associated,  as  there,  with  a  red,  metamorphosed  rock.  Here,  how- 
ever, it  is  a  part  of  the  Auimikie  beds  of  Dr.  T.  Sterry  Hunt, 
which  would  therefore  seem  to  be  only  a  downward  extension  of 
the  Cupriferous  series." 

Proceeding  as  far  as  Mountain  lake,  he  remarks  ''that  these  hills 
are  all  short  monoclinals  of  gray  quartzyte,  with  beds  of  argilla- 
ceous and  bleusk  slate,  dipping  uniformly  in  a  southerly  direction, 
and  covered  with  a  greater  or  less  thickness  of  the  trap  rock 
(gabbro?)  of  the  country— the  trap  being  sometimes  one  hundred 
feet  thick,  but  generally  less  than  fifty  feet,  and  often  the  only 
rock  seen,  the  lower  beds  being  hid  by  the  copious  talus.  The 
slate  in  some  places  has  a  dip  slightly  southwest,  and  the  inclina- 
tion amounts,  usually,  to  about  8  or  10  degrees.  The  trap  also  dips 
with  the  slate,  so  that  the  hills  have  gradual  slopes  toward  the  south 
and  steep  slopes  toward  the  north,  or  are  perpendicular — indeed, 
they  most  frequently  are  perpendicular  for  about  twenty-five  feet 
from  the  top,  or  even  one  hundred  feet,  the  trap  having  a  widely 
basaltic  structure,  which  causes  it  to  fall  away  in  perpendicular 
columns;  the  slate  and  quartzyte  also,  have  frequent  perpendicular 
jointage  planes,  which  also  facilitate  the  perpendicular  breaking  of 
the  beds.  The  quartzyte  is  evenly  and  conspicuously  beddedf 
without  any  confusion,  but  alternates,  both  gradually  and  suddenly 
with  the  black  argillaceous  slate.  The  most  of  it  as  far  as  seen  to 
this  place,  is  gray  quartzyte.  This  quartzyte  must  be  an  immense 
formation,  as  it  is  that  seen  at  Grand  Portage,  and  all  over  Pigeon 
point,  and  the  islands  off  the  point." 

*Nitith  RepoH,  pp  69-70. 

tThe  beds  called  here  *' quartzyte**  are  what  the  writer.  In  speaking  of  these  forma- 
tions, has  styled  Intorbeddings  of  '^sllicious  (often  Jaspery)  schist.** 


STATE  GEOLOGIST.  177 

**  Several  important  qnestions  pertaining  to  the  geognosy  of  this 
formation  arise  in  an  attempt  to  describe  it,  which  must,  for  the 
present,  remain  unanswered,  but  which,  perhaps,  future  examina- 
tions may  solve : 

1st  Is  this  trap  older  than  the  uplift  of  the  hills,  or  did  it  come 
over  the  country  when  the  uplift  occurred? 

2d.  Are  the  dykes  that  are  seen  crossing  this  trap  (as  at  the 
foot  of  South  Fowl  lake)  of  the  same  age  as  the  trap,  or  are  they 
subsequent  to  it? 

3d.    How  much  of  the  topography  here  is  due  to  glaciation? 

4th.  Do  the  monoclinal  hills  run  under  each  other,  or  are  they 
«ach  separate  and  isolated  uplifts? 

5th.  Can  these  beds  of  supposed  igneous  rock  be  due  to  a 
•change  in  the  sedimentary  rocks,  instead  of  igneous  outflow? 

6th.     Why  is  there  an  entire  absence  of  amygdaloids?'* 

Arriving  at  the  north  side  of  Gunflint  lake,  he  notes  "hydromica 
( ?)  slate."  "  This  rock  rises  in  knolls  and  hills  one  above  the 
other,  irregularly  disposed.  The  slates  stand  nearly  vertical,  run- 
ning E.  20°  N.  This  passes  insensibly  into  the  next,"  and  '*  gradu- 
ates back  and  forth."  This  resembles  some  forms  of  the  slate  at 
Thompson  on  the  St.  Louis  liver  (p.  82).  Belonging  to  the  same 
formation  is  a  "greenish,  porphyritic  rock  (with  albite  ?),  having 
an  imperfect,  schistose  and  fibrous  structure,  and  some  free  quartz, 
embraced  much  like  veins,  in  the  slate.  It  is  not  vein  matter,  but 
gradually  changes  to  the  slate,  right  and  left,  the  slates  standing 
nearly  vertical. 

''This  outcrop  is  supposed  to  belong  to  what  the  Canadian 
geologists  have  styled  the  Huronian.  It  underlies  the  quartzyte 
and  Gunflint  beds  [now  known  as  Animike  slates]  apparently  un- 
conformably.  At  least,  it  is  another  and  distinct  formation  from 
the  slates  at  Grand  Portage"  (p.  82). 

It  is  to  be  regretted  that  this  clew  was  not  followed  up.  This  is 
the  discordance  which  has  become  celebrated.* 

Coming  to  the  characteristic  black,  silico-argillitic  slate  which 
gives  name  to  Knife  lake,  he  styles  this  rock  "a  light  green,  tough 
magnesian  rock  [which  |  can  perhaps  be  designated  a  chloritic  or 
serpentinous  quartzyte,"  and  recognizes  it  as  belonging  to  the 
(then  called)  Huronian  slate  series^  and  thus,  fourteen  years  ago, 
excluding  it  from  the  crystalline  schist  series,  to  which,  later,  it 
has  been  referred. 

1881,     A  similar  journey  was  made  in  1879,  and  the  results  are 

*Ck)mpare  also,  p.  102  at  bottom,  and  notice  the  curious  speculation,  p.  103.    It  is  eyi- 
^ent  from  this  that  it  remains  to  discover  flint  and  jasper  beds  in  the  Kewatin. 
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found  in  the  report  for  1881.*  The  studies  attending  this  bjp 
were  pursued  under  circumstances  promising  still  larger  results. 
The  Enif e-lake  slates  and  the  schists,  now  known  as  Eewatin,  were 
identified  near  the  west  end  of  lake  Superior.  The  tour  extended 
to  Grand  Marais  and  Silver  Islet,  and  from  Grand  Marais  to 
Ogishke  Muncie  and  the  mouth  of  Poplar  river.  On  May  hew  and 
Loon  lakes  he  examined  again,  the  ''great  quartzyte  and  slate  for- 
mation, or  the  Animikie  group."  He  describes  again,  and  in 
more  detail,  the  remarkably  flinty  breccia  on  the  north  side  of 
Gunflint  lake,  and  speculates  on  the  cause  of  its  condition.!  I 
quote  the  following  obscure  paragraph: 

"The  close  proximity  of  this  flint  and  jasper  locality  to  the  next 
great  underlying  formation  (syenites  and  slates)^  makes  it  one  of 
great  interest  to  the  geologist,  but  so  far  as  scrutinized  as  yet,  the  trne 
relations  of  the  two  formations  are  not  revealed  by  anything  here 
seen,  though  there  seems  to  be  an  unconf  ormability  between  them.'* 
(p.  88.)  I  have  elsewhere  quoted  this  passage  as  intimating  an 
unconformity  between  the  *'slate  and  quartzyte"  and  the  vertical 
schists  north  but  further  east,  on  Gunflint  lake.  But  I  am  not 
sure  this  is  the  author's  meaning,  because  he  seems  to  be  compar- 
ing the  brecciated  formation  with  the  (underlying?)  slates. 

Coming  to  Ogishke  Muncie  lake,  he  subjects  the  mysterious  con- 
glomerate to  farther  investigation.  Notwithstanding  the  length 
of  the  passage,  it  may  be  well  to  quote  largely,  so  that  the  reader 
may  compare  the  statements  with  those  of  Sir  William  Logan  in 
speaking  of  the  slate  conglomerate  of  Thunder  bay  (See  p.  132.) 
He  says: 

**The  coiiglomeritic  character  is  hardly  distinguishable  on  a 
fresh  fracture  of  the  rock,  which  sometimes  shows  different  shades 
of  green.  But  all  over  the  surface,  when  glaciated  and  weathered, 
are  visible  the  forms  of  rounded  bowlders  included  in  the 
rock,  the  different  forms,  colors  and  grain  of  the  bowlders 
being  brought  out  plainly.  This  is  essentially  the  same  formation 
as  the  rock  743  and  737,  and  it  constitutes  by  far  the  greatest  part 
of  the  country  rock  about  Ogishke  Muncie  lake.  Wherein  the 
rock  737  differs  from  738,  which  also  passes  into  744  by  the  acces- 
sion of  slaty  structure,  and  the  obliteration  or  modification  of  it  by 
the  accession  of  bowlders,  it  may  be  ascribed  to  varying  proximity 
to.  and  influence  of,  the  underlying  'talcose*  rocks,  in  the  process 
of  deposition  and  metamorphism.     *     *     On  the  island  [Campers',] 

*TenOi  Annual  Report  Minnesota,  pp.  9-122. 

■^ Tenth  Annual  Rejxtrt  Minn.,  p.  87. 

*Tho  breccia  l(K*ality  Is  within  the  slates  of  the  *'Quartr.yt4*  and  Slato"  formation. 
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it  is  a  real  conglomerate,  with  a  smoothly  glaciated  surface,  and 
the  sections  of  some  of  the  rounded  stones  are  a  foot,  and  even 
more,  in  diameter.  They  are  very  abundant  Sometimes  the 
ronnded  stones  make  three  quarters  of  the  whole  rock,  but  in  other 
oases,  the  slaty  matrix  is  nearly  free  from  them,  over  considerable 
areas." 

The  author  suggests  the  following  order  of  superposition  of  the 
rocks  in  this  part  of  Minnesota: 

''  L  The  nearly  horizontal  quartzyte  and  slate  formation  com- 
posing the  hills  around  the  Grand  Portage  and  the  international 
boundary  as  far  as  Gunflint  lake. 

"2.    The  coarse  grit  or  fine  conglomerate,  No.  738. 

"  3.  The  jaspery  and  calcareous  beds  that  are  known  as  the 
•'Gunflint  beds,"  Nos.  737.  743. 

'*  4.  The  gray  marble,  No.  746.  [See  this  further  discussed  in 
JCH^A  iJep.  pp.  95-6.] 

*'5.  The  tilted  slaty  conglomerate,  and  the  great  conglomerate 
about  Ogishke  Muncie  lake.    Nos.  744,  750,  754. 

"  6.  The  amphibolyte  and  the  chloritic  slates,  Nos.  731,  753, 
348,  349,  350,  355,  356  and  358. 

'*  7.  Mica  schists  and  alternations  of  mica  schists  and  syenite. 
Nos.  335,  337,  339,  401,  406, 408,  414,  417. 

"  8.    The  syenites  and  granites  of  Saganaga  and  Gull  lakes.* 

'*  There  is  yet,"  he  says,  '*  one  very  important  undetermined  ques- 
tion relating  to  this  generalized  section,  which  ought  to  be  borne 
in  mind,  viz:  Is  the  great  quartzyt'e  and  slate  formation  of  the 
international  boundary  (No.  1  of  this  section)  the  same  as  the 
highly  tilted  slaty  and  quartzyte  formation  which  passes  into  the 
great  conglomerate  (No.  5)  ?  There  are  some  considerations 
which  seem  to  imply  that  it  is,  though  in  all  descriptions  and  sec- 
tions they  have  been  treated  as  different  terranes.     (a)     Where 

♦[  venture  t^)  makts  on  these  a.ssl}?nments,  the  following  suggestions: 

1.  This  clearly  Is  the  Aninilke. 

2.  ThLs,  I  judge,  Is  only  a  Ixjrder  condition  of  the  Ogishke  Gon glomerate  (See  XVI 
Ann.  Rep.  Minn,  pp.  313,  3ir».  There  are  also,  on  the  borders  of  Frog-rock  and  Town- 
line  lakes,  several  o<Tcurrences  of  gravelly  serlcltic  schist— as  also  on  Ensign  lake. 
( XVI  Hep.  p.  312,  Kock  863;  and  p.  315,  Rock  889,  800.) 

3.  I  feel  constrained  to  regard  these  as  no  distinct  part  of  the  Animike.  (See  XVI 
Hep.  p.  251.) 

4.  This  is  wliat  is  descriljed  as  a  bed  of  doloniyt«  in  XVI  Rep,  p.  316. 

5.  The  Ogishke  Conglomerate.  •* 

6.  By  this  I  understand  the  author  to  mean  the  later-called  "  Kawasachong  rock"— 
green  chloritic  slates  (even  If  originally  erupted);  the  "greenstone"  hills  south  and 
north  of  Oglslike  Muncie,  and  tlie  chloritic  and  amphlbolitlc  conditions  of  the  "  Ke- 
watin"  seen  in  many  places. 

No  separate  place  is  assigned  liere  to  the  vertical  schists. 

These  suggestions  in  a  very  perplexing  Inquiry,  may  be  very  wide  of  the  mark. 

-13 
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the    horizontal    slates    approach    the  syenites  at    the   east  end 
of  Gunflint  lak^,  there  is  nothing  to  be  seen  of  any  beds  represent- 
ing the  tilted  slates.    The  syenites  and  their  associated  schistB 
come  on  at  once,    (b)    Where  the  tilted  slates  and  oonglomerateB 
associated  with  them  are  traceable  from  the  syenite  npward  to  the 
gabbro,  as  south  of  Ogishke  Muncie  lake,  there  is  nothing  to  be 
seen  of  any  beds  like  the  horizontal  black  slates  of  Na  1.    (c)   The 
"GanfliDt  beds"  appear  to  belong  to  the  horizontal  slates  of  tiie 
international  boandary  at  Ganflint  lake,  bat  their  supposed  equiTa- 
lents*  at  Ogishke  Muncie  lake  belong  to  schistose  and  tilted  slates 
and    conglomerates,     (d)     Although    the    horizontal    slates   and 
quartzy  tes  of  the  international  boundary  strike  west  and  southwest 
across  the  state,  forming  one  of  the  most  important  topographical 
features  of  the  northern  part  of  the  state,  and  can  be  followed  for 
many  miles  as  such,  yet  they  are  lost  entirely  in  the  region  of  the 
upper  St.  Louis,  and  the  tilted  slates  are  the  only  ones  seen  where 
that  river  cuts  the  rock  at  Knife  Fails  and  below.f    (e)    The  great 
gabbro  belt  which  surmounts  the  horizontal  slates  along  the  inter- 
national boundary,  and  prevails  to  the  east  and  south  of  their  line 
of  strike,  is  seen  to  pass  to  the  west  of  lake  Superior,  at  Doluth, 
and  to  disappear  from  sight  suddenly  between  Duluth  and  Fond 
du  Lac,  as  if  its  continuance  depended  on  the  maintenance  of  the 
horizontal  formatioQ  with  which  it  is  associated.     (/)     Where  the 
GunfliDt  beds  become  jaspery  hsematite,  as  south  and  east  of  Yer- 
miliou  lake,^  the  structure  of  the  tilted  slates  passes  into  the  iron 
ore  as  if  of  the  same  formation,    (g)    The  formation  which  uDder- 
lies  the  Cupriferous  at  Fond  du  Lac  is  the  tilted  slates,  and  that 
which  underlieB  it  at  Grand  Portage  is  the  horizontal  slates." 

*'A  thorough  examination  of  the  hill-range  between  Gunflint 
and  Ogishke  Muncie  lakes  would  probably  reveal  the  facts  as  to 
any  transition  from  the  horizontal  slates  to  the  tilted  8late8/'§ 

From  some  confusion  noted  in  the  stratification  of  the  region 
south  of  Ogishke  Muncie  lake,  the  author  seems  almost  ready  to 
adopt  the  alternative  afterward  embraced  by  professor  Irving. 

In  a  paper  embodying  descriptions  of  fifty  thin  sections  prepared 
from  the  rocks  of  the  Cupriferous  series  of  lake  Superior  professor 
Winchell  pointed  out  distinctly  the  two-fold  origin  of  crystalline 

*It  is  not  obvious  that  any  such  bods  jrrc  tliere.  But.  in  any  event.,  if  wo  distinjruish 
the  horizontal  slates  holding  the  "(lunllint  beds"  fn>nj  the  vertical  slates  holding  tlu- 
conglomerate,  no  difficulty  will  exist. 

+From  (a),  (/>)  and  (d).  It  is  not  t<>  be  inferred  that  two  systems  do  not  exist,  but  that 
they  are  not  co-extensive.  Their  ct)existenee  is  se<?non  the  north  shore  of  Gunflint 
lake 

♦The  very  distinct  ha3niatite  formation  also  contains  jaspery  IhhIs. 

SThis  journey  was  made  In  1887.    See  XVIth  Rpewi,  pp.  TtM!). 
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rooks.  He  showed  by  demoDstrations  accompanying  the  memoir,* 
that  the  crystallizations  resulting  from  metamorphism  sometimes 
imitate  closely  the  character  and  composition  of  the  rocks  whose 
emptive  escape  has  been  the  cause  of  the  metamorphism.  On  the 
north  of  lake  Superior,  the  contact  of  the  gabbro  with  the  red 
sandstone  has  produced  "  all  stages  of  metamorphic  change  —  from 
red  sedimentary  shale  and  sandstone  to  red  felsite  and  syenite." 
A  sedimentary  rock  heated  to  the  point  of  fusion  of  the  f eldspathic 
oonstituents,  and  then  cooled,  will  exhibit  a  non-di£Ferentiated 
ground,  with  feldspar  crystals  porphyritically  disseminated. 
Heated  completely  to  the  fusing  point  and  then  cooled,  the  least 
fusible  mineral  —  probably  quartz,  would  first  crystallize  out,  and 
later  crystallizations  would  be  penetrated  by  the  older  quartz. 
Simultaneously,  the  intrusive  matter  would  impart  certain  constitu- 
ents to  the  softened  sedimentary  bed.  and  minerals  would  arise  for 
which  the  requisite  constituents  had  not  before  existed  in  the 

bed.t 

1884.  At  the  Philadelphia  Meeting  of  the  American  Associa- 
tion, he  delivered  an  address  before  the  Section  of  Geology  as  its 
president  in  which  he  discussed  ''The  Crystalline  Bocks  of  the 
Northwest."  X  This  was  a  broad  survey  in  which  he  attempted  to 
arrange  the  succession  of  the  great  Archsean  terranes,  and  point 
ouif  their  relations  according  to  the  views  of  other  geologists.  As 
the  table  at  the  end  contains  a  convenient  synopsis  of  the  positions 
taken  that  will  be  here  first  introduced. 


*Proe,  Amer.  Assoc.,  1881.  XXX,  100-6.  AIho  Taith  Ann.  Rep.  Geol.  Minn.,  pp.  137-143. 
The  subject  was  earlier  discussed  in  Proc.  Amtr.  Assoc.,  1880,  XXIX,  pp.  422-425.  Comp. 
also,  Tenth  Rep.,  pp.  108,  111. 

tThe  phenomena  here  referred  to  are  of  the  same  character  as  those  which  professor 
Bailey  has  since  descril}ed  and  explained.  See  Amer.  Jour.  Set.,  Ill,  xxxix,  273-280. 
Apr.  1800. 

tProe.  Amer.  Assoc.,  1886,  Pt.  II.  pp.  363-370 :  Xlllth  Minn.  Report,  pp.  124-130 :  Amer., 
yaturaUst.  xviil.  084-1,000. 1884  ;  Science,  iv.  2:<t^2IO,  Sep.  12, 1H84  (abbreviated.) 
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The  author  of  this  table  oomments  upon  his  "  Groaps,*'  in  sab- 
stance,  as  follows : 

FiBST  Gboup.  Is  represented  in  Minnesota  by  the  gabbro  and 
red  syenite  at  Dalnth.  *  *  The  outcrop  of  red  granite  near 
New  Ulm,  lying  under  the  conglomerate  and  red  qnartzyte,  is 
probably  in  the  southwestward  line  of  extension  of  this  group. 

Second  Group.  Consists  of  schists  that  are  micaceous  and 
often  staurolitic  as  well  as  garnetiferous.  Variously  associated 
with  beds  and  veins  of  granite  and  gneiss.  Has  a  maximum  thick- 
ness of  5,000  feet 

Thibd  Group.  Sometimes  passes  into  roofing  slates,  with  beds 
of  iron  ore,  quartzyte  and  dioryte.  "  Includes  the  black  slates  of 
the  Animike  group  in  northern  Minnesota,  of  Knife  lake,  Knife 
Portage  on  the  St.  Louis  river;  and  carbonaceous  shales  lately 
reported  near  Aitkin  on  the  Mississippi  river.  Thickness,  2,600 
feet. 

Fourth  Group.  Schists  soft  and  obscure,  becoming  quartzose 
and  also  hsematitic  ;  also  with  numerous  beds  of  dioryte.  In  Min- 
nesota, this  is  the  iron-bearing  horizon  at  Vermilion  lake.  Maxi- 
mum thickness,  4,450  feet. 

Fifth  Group.  Bepresented  by  No.  V.  at  Marquette,  Nos.  II. 
and  V.  at  Menominee,  and  Nos.  I.  and  III.  at  Fenokee.  The  mar- 
ble lies  above  the  quartzyte,  and  in  the  Menominee  region  has  a 
minimum  thickness  of  1,000  feet ;  while  at  Marquette,  it  graduates 
into  a  dolomitic  quartzyte  of  indefinite  extent,  the  whole  group 
being  there  essentially  quartzyte.  A  most  persistent  and  well- 
marked  horizon.  The  quartzyte  sometimes  holds  feldspar,  thus 
having  the  appearance  of  granulyte.  In  Minnesota  this  horizon 
seems  to  run  along  the  south  side  of  Ogishke  Muncie  lake,  near 
the  international  boundary,  and  includes  perhaps  the  great  slate 
conglomerate  which  is  there  represented.  This  seems  to  cor- 
respond to  the  lower  portion  of  the  great  quartzyte  of  this  group, 
and  to  be  the  equivalent  of  the  "  lower  slate-conglomerate  '*  of  the 
typical  Huronian  in  Canada.  Normal  thickness  from  400  to  1,000 
feet ;  but  if  the  great  conglomerate  of  Ogishke  Muncie  be  included 
here,  the  thickness  of  this  group  in  northern  Minnesota  will  exceed 
6,000  feet. 

Sixth  Group.  In  Minnesota,  found  on  the  international 
boundary,  at  Saganaga  lake,  acd  large  boulders  from  it  are  in- 
cluded in  the  overlying  conglomerate  at  Ogishke  Muncie  lake, 
showing  an  important  break  in  the  stratigraphy.  Thickness  un- 
known, but  very  great. 
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In  the  progrec^B  of  the  discossioD,  the  author  propoees  to  iDfltall 
the  term  "Taoonio*'  in  the  nomenclature  of  the  older  rocks. 

1887.  The  report  of  this  year  embodied  views  evincing  positiTe 
progress  in  reference  to  several  questions.  The  intimate  relations 
of  granitic  rocks  with  terranes  of  admissibly  sedimentary  origio 
were  brought  into  distinct  view,  and  many  instances  of  transition 
were  pointed  out,*  and  many  remarkable  cases  of  inclusion  of 
granitic  and  gneissic  fragments  in  the  body  of  the  schists,  and  vice 
versa.  In  the  report,  it  was  intimated  that  the  Animike  forma- 
tion overlay  one  eruptive  rock  and  underlay  the  other,  and  that  it 
seemed  to  embrace  the  Ogishke  Conglomerate  in  its  lower  portion 
(p.  381).  The  lower  eruptive  rock  was  represented  to  be,  in  some 
places,  a  remarkable  agglomerate,  and  in  various  ways,  to  become 
changed  to  greenish  schists,  chloritio  and  sericitic,  and  to  embrace 
in  its  mass,  generally  with  an  appearance  of  unconformity,  the 
jaspilyte  and  iron  ore  of  the  Vermilion  lake  region.  At  the  same 
time,  this  green  rock  exhibited,  at  times  very  manifestly,  some 
signs  of  aqueous  stratification.  At  other  times,  no  such  structure 
was  found  in  it,  and  it  merged  into  a  dense,  homogeneous,  unbed- 
ded,  doleritic  mass.  It  was  announced  that  the  graywackes,  which 
are  in  this  "  green-stone  "  formation,  fade  out  by  merging  into  its 
evidently  eruptive  condition  ;  but  in  many  places  are  distinctly 
sedimentary,  having  much  quartz  in  rounded  grains,  arranged  in 
unmistakable  layers. 

It  was  again  pointed  out  that  besides  the  large  body  of  normal 
gneiss  at  the  geological  base  of  the  series,  there  is  inseparably 
associated  with  the  gabbro,  a  red  formation,  having  the  apparent 
composition  of  syenite  ;  and  also  a  farther  distinction  in  the  rock 
of  the  Giant's  range  —  one  portion  of  it  being  the  result  of  local 
change  in  some  bedded  sediments  probably  later  than  the  Lauren- 
tian  (pp.  347,  349,  352,  353).  The  cause  of  this  change  in  the  sedi- 
mentaries  was  suggested  to  be  the  gabbro  eruption.  The  red 
syenite  resulting  is  the  "red  rock  "  of  the  earlier  reports,  the  red 
quartz  porphyry  and  the  "  Palisade  rock  "  of  lake  Superior  shore. 
This  report  contains  a  geological  map  of  the  northeastern  part  of 
Minnesota.     The  distinctions  recognized  are  the  following  : 

1.  Trap  and  amygdaloid  )  ^       .- 

2.  Feldspathic  sandrock  ( Cupriferous. 

3.  Gabbro  and     red     granite,   sometimes 

dioryte  Mesabi  range. 

4.  Quartz  porphyry  and  felsyte. 

*Fiftunth  Annual  W poH  Minn..  1S87.  pp.  200.  202.  21«.  2<U.  21W.    St'O  alJM>.  the  acwnipany 
inp  reports. 
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« 

6.  Gray  qaartzy  te  and  black  slate  Animike. 

6.  Greenstone,  diabase  and  chlorite  schist. 

7.  Serioitio schist,  argillyte  and  graywacke     Kewatin  (in  pari ) 

8.  Iron  ore. 

9.  Conglomerate  and  conglomeritio  f  elsy  te      Ogishke. 

10.  Mica  and  hornblende  schist  with  dioryte     Vermilion  series. 

11.  Gneiss,  syenite,  granite  Laorentian? 

1888.  Qaestions  of  taxonomy  and  parallelism  occupy  mach  at- 
tention in  the  report  of  work  for  1887.*  A  visit  to  the  "Original 
Horonian"  of  Sir  William  Logan  leads  to  the  conolnsion  that  while 
the  stratigraphic  descriptions  of  Logan  were  faithful,  the  "green 
chloritic  slates,'*  so-called,  are  not  by  any  means  constituent  parts 
of  the  stratigraphy,  bat  are  distinctly  eruptive.  The  ''slate  con- 
glomerate" of  Logan,  he  thinks  repeated  in  Minnesota,in  the  Ogishke 
Conglomerate  (pp.  39,  58,  59.)  The  general  parallelism  is  given 
as  below. 

Canada.  Minnesota. 

Ottertail  quartzyte      )        {  Pewabic  quartzyte? 

Thessalon  quartzyte    \        (  New  Ulm,  Pokegama  and  Wauswaugo- 

ing  quartzytes. 

Black  slate  Animike  black  slate. 

"Lithographic  stone"  and 

fine  gray  quartzyte  ( Not  known .) 

Bed  felsyte  Felsytes  at  Duluth,  and  probably  the 

great  Palisades. 

Missisagui  quartzyte  (Not  known.) 

Slate  conglomerate  Ogishke  conglomerate. 

Careful  observations  reported  from  the  region  north  of  Gunflint 
lake,  indicate  two  conclusions: 

1.  There  is  a  gradual  transition,  structural  and  mineralogioal, 
from  the  Eewatiu  downward,  through  mica  and  hornblende  schist, 
to  the  gneiss  (pp.  68-70.  Also  XVI  Rep.,  37-39.) 

2.  The  intermediate  crystalline  schists  (Vermilion  group)  do 
not  seem  in  all  places  to  be  present  (pp.  74-77, 81.)  Boom  exists 
for  the  supposition  that  the  metamorphic  action  in  some  regions 
was  sufficiently  powerful  to  carry  fused  masses  of  the  lower  sedi- 
mentary rocks  bodily  across  the  stratigraphic  horizon  of  the  crys- 
talline schists  into  contact  with  the  Eewatin  schists.  For  this 
reason,  crystalline  schists  sometimes  are  interrupted  by  gneissic 
rocks. 

Of  conglomerates  in  crystalline  horizons,  he  says: 

*8iaiMnth  Minnofota  Report,  1K88. 


186  EIGHTEENTH  ANNUAL  BSPOBT 

'The  oonglomeritic  stmctare  has  therefore  now  been  seen  in  the 
following  crystalline  rooks  of  Minnesota: 

1.  The  Sank  Bapids  ^'granite.*' 

2.  The  porphyritic  conglomerate  at  Ogishke  Moncie  lake,  and 
the  similar  gneiss  in  Kekekabic  lake. 

3.  The  Stnntz  island  porodyte. 

4    The  greenstone  of  Twin  moantain. 

5.  My  brother  reports  it  conspicnons  in  the  Saganaga  gDeisB. 

6.  This  bowlder  [from  Iron  lake]  shows  it  in  the  Yermilioii 
gronp.  (Later  known  in  gneiss  at  Bedwood  Falls  and  Morton  in 
the  Minnesota  valley. ) 

7.  In  the  Laurentian  syenite  in  Michigan,  south  of  the  Aurora 


mine.* 


As  to  the  distinctness  of  the  Animike  and  Kewatin,  the  author 
entertains  no  longer  any  doubts,  and  he  cites  facts  on  pages  80  and 
81  which  prove  it,  and  prove  the  equivalence  of  the  Huronian  of 
Canada  with  the  Animike.    But  the  upper  part  of  the  Ogishke 
conglomerate  he  is  disposed  to  regard  as  a  member  of  the  Animike 
In  traversing  the  country  between  Gunflint  lake  and  Ogishke 
Muncie  lake  he  established  the  existence  of  an  upper  member  of 
the  A  nimike,  which  was  named  Pewabic  quartzyte.   It  is  magnetitic 
and  lies  near  the  top  of  the  Animike  (pp.  85-86.)     He  parallel- 
izes  the  Pewabic  quartzyte  with : 
WauBwaugoniDg  quartzyte. 
Thessalon  and  Ottertail  quartzyte  (of  Ontario.) 
Potsdam  sandstone  of  the  Adirondacks.f 

And  these  are  regarded  as  further  equivalents  of  the  Pewabic 
quartzyte: 

Granular  quartz  (Emmons) 
Teal  lake  quartzyte,  No.  Ill  (Brooks.) 
Quartzyte  group  (Eominger.) 
Baraboo  quartzyte. 

Sioux  quartzyte  (See  XVIIth.  Minn.  Bep.,  p.  51  J.) 
The  following  is  the  method  of  reeusoning  employed  to  establish 
the  relations  of  the  Ogishke  conglomerate  with  the  Animike: 

''The  hills  about  the  northeast  extremity  of  Gabimichigama  lake 
consist  entirely  of  Animike,  iine-grained,  tilted,   fractured,  rece- 

♦Many  bowlders  may  be  seeu  In  the  jcranlte  of  which  the  Chicago  "Auditorium**  i* 
built.  Accordlnjf  to  the  writer's  observation,  few  granites  can  be  found  without  evi- 
dence of  fragiuental  intermixture.  The  granite"  in  the  "Auditorium"  was  taken  from 
tlie  Giant's  range,  at  Hinsdale,  Minn. 

+On  this  parallelism  see,  also,  Americnn  Geo^H^^March,  1880. 

tin  the  eighteenth  annual  report  he  concludes  that  the  Pewabic  quartzyte  is  below 
the  black  slates  of  the  Animike,  carrying  with  it  the  great  gabbro  outflow  and  the  red 
granites  and  quartz.  iH)rphyrles  to  the  same  stratigraphic  poMitlon. 
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mented,  but  in  general  dipping  northeasterly.  At  the  lake  shore, 
these  beds  weather  oat  very  rongh,  the  silicions  veins  and  the  hard- 
er beds  projecting.  In  some  places  they  are  abont  vertical,  bat 
they  vary  constantly  in  dip  and  strike." 

'*In  passing  along  the  north  shore  westward^  however,  N.  E.  \  of 
sec.  31,  65-5,  this  rook  becomes  slaty  and  vertical,  and  strikes  N. 
W.  by  compass. 

''AH  along  the  north  shore,  from  the  northeast  end  of  the  lake  to 
aboat  the  centre  of  N.  E.  of  sec  31,  65-5,  these  titled  slates  and 
qaartzytes  extend,  having  a  high  dip  toward  the  northeast,  and 
finally  becoming  vertical.  The  shore-line  rans  across  the  strike 
bat  not  at  a  right  angle.  Hence  in  going  west,  one  passes  onto 
lower  and  lower  beds.  At  this  place  the  Ogishke  conglomerate 
appears  on  the  shore,  rising  in  a  ridge  aboat  fifty  feet  high,  at  a 
few  rods  from  the  shore.  On  the  beach  it  is  disintegrated  and 
hardly  preceptible.  The  dip  of  the  beds  of  qaartzyte  and  slate  that 
are  interbedded  with  it  is  88^  N.  E.  and  the  strike  N.  W. 
There  is  thus  seen  to  be  an  undeniable  graduation  from  the  Anu 
mike  into  the  Conglomerate.^'  (pp.  90-91). 

Farther  evidences  of  a  transition  are  thoaght  to  be  present  in  the 
disturbed  condition  of  the  strata  about  Fox  and  Agamok  lakes  (pp 
94-95). 

1889,  This  result,  as  announced  above,  is  pronounced  in  the 
report  of  work  for  1838*  an  important  point  reached— ''the  sep- 
aration of  the  Ogishke  conglomerate  from  the  greenstone  agglom- 
erate, on  which  in  some  places  it  must  lie  unconformably.  They 
seem  to  have  both  been  affected  by  the  gabbio  epoch  of  disturbance 
and  the  gabbro  was  found  in  different  localities  to  lie  on  the  greatly 
inclined  strata  of  one,  and  the  nearly  vertical  strata  of  the  other.*' 

This  report  embraces  very  comprehensive  discussions  of  the 
'* parallels  of  the  Eewatin,"  the  ''possibility  of  rocks  younger  than 
the  Eewatin,  before  the  beginning  of  the  Taconic,"  the  "age  of  the 
Taconic  (Animike  Huronian),"  and  the  "age  of  the  Potsdam/' 
all  of  which  must  be  consulted  in  arriving  at  an  adequate  esti- 
mate of  aggregate  results  reached  by  the  author;  but  it  is 
necessary  here  to  avoid  prolixity.  Among  "problems  that  need  fur- 
ther investigation,"  the  following  themes  are  suggested:  Eruptive 
and  sedimentary  Laurentian;  Planes  of  hydrothermal  fusion,  and 
their  relation  to  the  origin  of  the  crystalline  rocks;  Date  of  up- 
heaval of  the  crystalline  schists;  Nature  and  origin  of  jaapilyte; 
What  is  muscovado  rock  ? 


*SevenUtnOi  Annual  Repurt,  3f(nttotota«  p.  34. 18H8. 
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Toward  the  close  of  the  report,  the  following  general  table  at 
Minneeota  rooks  is  introdaoed: 

Oalcifebous.    Magnesian  limestones  ) 

and  sandstones.  >  Dikelocephalns  horiaon. 

St.  Cboix.    Sandstones  and  shales.      ) 

Overlap  unconformity. 


Overlap  unconformity. 

TAOONia    Black  and  gray  slates  and  ) 

quartzytes,  iron  ore  (Horonian,  >  Olenellos  horizon. 
Animike).  ) 


Overlap  unconformity. 

Eewatin.  (Indading  the  Eawiehi- 
win  or  greenstone  belt,  with  its 
jaspilyte),  Serioitic  schists  and 
graywackes. 

y EBMILION.  ( Coatchiching  ?)  crystal- 
line schists. 

Eruptive  unconformity. 


'\ 


^Arohiean. 


Laubentian.    Gneiss. 

Cabl  Romingeb. 

Dr.  Bominger*8  observations  and  speculative  opinions  in  refer- 
ence to  the  older  rocks  are  embodied  in  a  state  report  upon  the 
Marquette  and  Menominee  iron  regions  of  the  Upper  Peninsula  of 
Michigan.*  Taking  up  first  the  Marquette  iron  district,  he  con- 
ceives it  '*  as  a  synclinal  trough  of  granite,  which  by  the  upheaval 
of  its  northern  and  southern  margins,  caused  the  inclosure  of  the 
incumbent  sedimentary  strata  between  its  walls,  and  their  simul- 
taneous uplift  and  corrugation  into  parallel  folds  by  the  lateral 
pressure  exerted  from  its  rising  and  approaching  edges"  (p.  4). 

Speaking  more  specifically,  he  says  of  the  two  series  hitherto  re- 
garded as  Laurentian  and  Huronian  : 

By  comparing  the  descriptions  of  the  Laurentian  formation  as 
developed  in  Canada,  with  the  granitic  exposures  observable  in 
Michigan,  or  specially  in  the  Marquette  district,  I  cannot  see  so 
strong  an  analogy  between  them  as  to  identify  them  without  hesi- 
tation ;  while  I  endorse  the  identification  of  the  other  group  of 
rocks  with  the  Huronian,  although  they  differ  too,  in  some  degree** 
(p.  5).  "I  declare  at  once  my  serious  doubts  whether  the  granites 
of  the  Marquette  region  represent  the  Laurentian  series  of  Eastern 

*(wC4tUjijical  Survey  (>f  Michiifon,  Upper  PeniuHula.  187H-80.  a<*companie<l  by  a  Geological 
Map.  vol.  iv.  8vo.,  pp.  248,  1881. 
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Canada,  whioh  I  have  neyer  bad  an  opportnnity  to  study,  in  the 
field,  bat  wbicb  is  represented  to  be  a  maoh  older  formation,  pre- 
existing as  the  sorface  rock  before  the  Hnronian  sediments  began 
to  form,  while,  aooording  to  my  own  observations,  the  granites  of 
Marquette  are  eruptive  masses,  whioh  came  to  the  surface  after 
the  Huronian  beds  were  already  forAied.'' 

Referring  to  the  discordances  between  these  two  systems,  fre- 
quently alleged  by  the  Canadian  geologists,  he  says  : 

''  As  far  as  my  observations  go,  I  have  never  been  able  to  dis- 
cover any  positive  proof  of  an  existing  discordance.*' 

Further,  in  reference  to  the  succeseional  and  structural  relations 
of  the  series,  he  continues : 

''By  their  eruption,  fthe  granitic  rocks]  caused  not  only  the  great 
dislocations  of  the  Huronian  formation,  but  the  half  molten,  plastic 
granite  mass  induced  by  their  contact  with  the  Huronian  rock- 
beds,  also  their  alteration  into  a  more  or  less  perfect  crystalline 
condition,  and  commingled  with  them  so  as  to  make  it  an  embarass- 
iug  task  to  find  a  line  of  demarkation  between  the  intrusive  and  the 
intruded  rock-masses.  The  syenitic  and  gneissic  hornblende  rocks 
connected  with  the  granite  difFer  so  little  from  the  crystalline 
hornblende  rocks  of  the  Huronian  series,  that  I  look  at  them  merely 
as  differently  advanced  stages  in  the  transformation  of  the  same 
material.  Those  nearest  to  the  focus  of  altering  influences  are 
now  completely  transformed  and  restored  to  the  domain  of  the  vol- 
canic nucleus  ;  the  more  remote  strata  were  less  changed,  and  re- 
tained distinct  marks  of  their  sedimentary  origin  ;  but  if  this  view 
is  correct,  it  cannot  be  expected  to  find  traces  preserved  of  the  con- 
formable or  non-conformable  deposition  of  the  Huronian  layers  on 
their  substratum*'  (pp.  6,  7). 

He  dissents  from  the  subdivisions  of  major  Brooks. 

"Beginning  below  with  his  groups  from  I  to  V,  he  never  made  an 
attempt  to  define  them.  *  *  As  to  groups  VII,  IX  and  XI,  cer 
tain  dioritic  outcrops  are  dcttignated  and  considered  to  be  regularly 
interstratified  layers  in  the  sedimentary  succession,  while  I  have 
full  reason  to  consider  them  as  intrusive  masses,  belonging  to  a 
lower  horizon  of  the  Huronian  series,  which  by  volcanic  pressure 
have  been  forced  through  or  between  the  incumbent  rock-beds 
wherever  a  chance  for  it  was  offered,  and  consequently  are  found, 
one  time  in  contiguity  with  this,  another  time  with  another  stratum 
as  it  happened  to  be  the  surface  rock  of  the  spot.  *  *  Groups 
XV  to  XX,  intended  to  comprise  a  younger  series  of  beds  developed 
in  the  western  part  of  the  Marquette  region,  are  unnecessarily 
multiplied  into  vaguely  defined  subdivisions.     Major  Brooks  iden- 


190  EIGHTEENTH  ANNUAL  REPORT 

tified  strata  of  the  Menominee  river  district  as  representativesof 
Groups  XY  to  XX  which,  lithologically,  have  no  similarity  with 
those  of  the  Marquette  distriot,  adding  still  more  to  the  confofiiofi 
already  existing."  Dr.  Bominger  arranges  the  Huronian  series  in 
the  following  subdivisions  (p.  8). 

Yl.    Mica  Schist  Group. 

V.    Arenaceous  Slate  Group. 
IV.    Iron  Group.  [Quartzite  Group  (p.  71. )] 

III.    Quartzite  Group.  [Iron  Group.] 

II.    Dioritic  Group. 

I.     Granitic  Group. 

The  Serpentine  group  is  separately  considered. 

Before  the  completion  of  his  report,  Dr.  Bominger  became  ood- 
vinced  that  his  Iron  group  and  Quartzite  group  ought  to  exchange 
places,  as  shown  above  in  brackets. 

Besides  the  granitic  masses  bounding  the  Huronian  on  the  m^ 
and  south,  he  says: 

''Granites  are  also  found  interstraified  with  the  Huroniaii 
schists.'* 

Of  the  character  of  the  granite  he  says: 

''They  are  usually  middling  coarse  grained,  of  reddish  tints, 
often  composed  of  a  magma  of  incompletely  defined  crystals  im- 
bedded within  a  granular  interstitial  mass  rather  than  of  well- 
formed,  completely  defined  crystals;  its  fracture  is  therefore  rather 
generally  of  a  dull  lustre.  *  *  The  micaceoas  constituent  of  these 
granites,  where  it  does  enter  into  the  composition,  is  rarely  well 
crystallized  in  brightly  shining  larger  leaves,  although  it  occors 
occasionally,  but  usually  has  a  minutely  scaly  form  and  a  dark 
green  color  approaching  to  chlorite  by  gradations,  or  is  replaced 
by  hydromicaceous,  fibrous,  granular  substance,  generally  called 
talcose  from  its  soft  greasy  feel  and  its  lighter  color,  with  partial 
transparency  in  thin  seams''  (p.  15). 

In  describing  gneissoid  rocks  of  this  region  he  says: 

''This  stratified  banded  rock,  in  contiguity  with  the  granite,  and 
alternating  with  it  in  parallel  belts,  often  becomes  completely  en- 
tangled with  it.  The  granitic  masses  intersect  the  gneissoid,  enter 
wedge-like  between  them  in  the  direction  of  the  lamination  or 
transversely,  inclosing  strips  of  the  gneissoid  ledges  between  the 
loops  of  the  anastomosing  granite  seams,  and,  moreover  frequently 
the  so  intermingled  masses  are  curved  into  the  most  curious  coils 
and  serpentine  flexions,  which  evinces  their  almost  plastic  condi- 
tion at  the  time  their  intermixture  took  place.*'  (pp.  16,  17. ) 
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Passiog  to  the  consideration  of  the  Dioritio  group,  and  repeating 
his  conviction  that  the  granites  are  the  newer,  he  says: 

''One  may  ask,  of  what  natnre,  then,  was  the  snbstratnm  on  which 
the  Haronian  sediments  were  deposited?  I  answer:  Nothing 
contradicts  the  possibility  of  their  deposition  on  a  sarf  ace  of  granite 
already  formed;  it  is  even  probable  to  me  that  it  has  been  so;  bat, 
if  we  reflect  upon  the  high  degree  of  plasticity,  and  the  almost 
perfect  liquefaction  which  the  concerned  rocks  subsequently  under- 
went, and  upon  the  dislocative  forces  causing  the  softened,  and 
necessarily  by  this  softening  process,  considerably  altered,  masses 
to  intermingle  almost  chaotically,  we  can  no  more  wonder  that  the 
traces  of  the  originally  existing  former  relative  position  of  the 
rocks  among  themselves  are  greatly  obliterated.  The  records  of 
these  periods  in  the  history  of  the  earth's  crust,  when  oceanic  sed- 
iments commenced  to  form,  and  fell  back  again  within  the  grasp 
of  the  central  fire-focus,  as  we  can  observe  it  in  this  case,  are 
wiped  out,  and  most  likely  all  our  efforts  to  ascertain  the  existing 
original  conformity  or  discordance  between  such  rocks  will  be  in 
vain"  (pp.  22,  23). 

''The  rock  series  comprised  under  the  name  of  Diorite  Oroup  is 
made  up  by  a  large  succession  ofschistosebedsof  a  very  uniform 
character,  which  are  interstratified  with  massive  belts  of  diorite 
differing  in  structure  from  the  minutely  granular,  almost  aphanitic 
condition,  to  a  coarsely  crystalline  form,  and  being  in  chemical 
composition  almost  identical  with  the  schistose  beds''  (p.  23). 

Certain  relations  of  the  dioritic  masses  and  contiguous  schists 
are  of  interest: 

''Often  we  see,  as  in  the  above  mentioned  instances,  the  schists 
adjoining  a  diorite  mass  completely  entangled  with  it,  in  a  mode 
which  proves  a  high  degree  of  plasticity  of  the  diorite  mass  at  the 
time  intermixture  took  place.  *  *  Although  the  general  char- 
acter of  this  large  series  of  rock-beds  is  very  uniform,  as  it  regards 
the  chemical  composition,  still,  an  endless  number  of  variations  in 
their  structure  is  produced  by  the  different  degrees  of  metamorph- 
ism  to  which  these  once  indubitably  sedimentary  rock-beds  were 
subjected"  (p.  34). 

It  will  be  remembered  that  major  Brooks  had  admitted  the  ex- 
istence of  two  horizons  of  iron  ore.  This  was  because  at  Negaunee 
and  the  vicinity,  a  quartzyte  was  found  in  a  relation  of  infraposi- 
tion  to  the  ore-bed,  while  in  most  of  the  mines  of  the  district,  a 
quartzyte  was  seen  reposing  above  the  local  ore-bed.  These  phe- 
nomena were  supposed  to  indicate  the  existence  of  an  ore-bearing 
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horizon  above  the  qaartzyte  and  another  below  it.  Dr.  Bominger 
nndertakes  to  prove  that  only  one  ore-horizon  exists,  and  that  th« 
normal  position  of  the  qaartzyte  is  above.  Major  Brooks  was  also 
nnder  the  necessity  of  assaming  two  qnartzytes,  Nos.  XIY  aod  Y, 
the  latter,  or  Teal  lake  qaartzyte,  being,  according  to  Bominger, 
identical  with  the  former,  and  its  actaal  relative  (losition  being 
''the  resalt  of  an  overtarn  of  the  strata.*'  (pp.  71,  72,  89. ) 

Lithologically,  he  adds: 

''The  qaartzites  covering  the  ore-bearing  ledges  are  compact, 
dark-colored  by  haematitic  pigment  and  by  intermingled  granoleB 
of  martita  The  inferior  strata  are  almost  regularly  brecciated  and 
intermingled  with  ore-fragments.  In  the  pits  of  the  Cleveland  mine, 
south  of  the  Houghton  and  Ontonagon  Railroad,  these  brecciated 
quartzites  are  immediately  underlaid  by  a  fine  seam  of  specular  ore 
which  itself,  is  on  its  surface,  of  brecciated  structure.  This  ore- 
bed  is  underlaid  by  a  series  of  light  greenish  or  grayish  colored, 
silky-shining,  hydromicaceous  schists  impregnated  with  small 
martite  crystals,  which  on  their  part,  repose  on  the  red,  jasper- 
banded  lean  ores  with  inclosed  seams  of  granular  and  slaty  speea- 
lar  ore.  In  the  pits  north  of  the  railroad,  the  quartzite  is  generally 
underlaid  by  chloritic  schists  inclosing  locally  quite  large  octahed- 
rons of  martite.  Below  them  usually  follows  a  valuable  seam  of 
specular  ore,  schistose  chloritic  beds  again,  and  then  mixed,  jasper- 
banded,  lean  ores,  with  other  interstratified  seams  of  ore,  partly  in 
the  granular  form,  partly  as  a  slate-ore;  lowest,  resting  on  dioritic 
schists  are,  in  the  New  York  mines,  fine-grained,  silky-shining, 
dark,  gray-colored  argillites,  charged  with  minute  granules  of 
martite  more  or  less  abundantly,"  (pp.  81-82). 

The  ''Arenaceous  Slate  Group'*  of  Bominger  is  generally  in- 
cumbent on  the  quartzyte  formation;  but  where  this  is  wanting,  it 
rests  on  the  iron  ore  formation ;  and  if  this  also  id  absent,  it  rests 
directly  on  the  dioritic  series.  According  to  these  statements  a 
break  exists  betv^een  the  epoch  of  the  quartzyte^  and  that  of  the 
Arenaceous  Slate  (Compare  also,  pp.  113,  114,  115.)  These  strata 
appear  sometimes  as  "  a  thick  belt  of  black,  fine-grained,  slaty 
rock-beds,  interlarainated  with  silicious  sandy  seams.  *  *  Next 
south  of  these  slates  are  high  walls  of  massive,  light  colored  qaartz- 
ites in  direct  conformable  contact  with  them,"  (p.  105). 

In  other  localities,  the  group  '*  consists  of  sandy,  somewhat 
micaceous  flagstones,  or  of  finer-grained,  banded,  silicious  rock- 
beds  all  more  or  less  impregnated  with  protoxide  of  iron  as  a  color- 
ing-matter, and  with  granules  of  magnetite,  (p.  108).  Elsewhere 
they  are  clay-slates  more  or  less  silicious,  (pp.  112,  113);  or  ''black 
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magnetic  flags  interlaminated  with  slaty  and  arenaceous  seams/' 
(p.  117). 

At  a  locality  in  the  valley  of  the  Carp  river  this  series  has  '4n 
part,  a  conformable  northern  dip  with  the  qnartzites,  but  frequently 
also,  a  soathern  dip  is  observe ;  thongh  the  direct  contact  of  the 
two  formations"  is  concealed  by  Drift,  (p.  106). 

This  Arenaceoas  Slate  gronp  occapies  the  sarface  over  a  large 
area  on  the  north  of  the  dioritic  belt  which  abuts  on  lake  Superior 
at  Marquette;  and  over  another  area  on  the  south  of  the  dioritic 
belt.  It  is  believed  by  Dr.  Bomiuger  to  be  of  the  same  age  as  the 
slate  formation  in  the  district  of  L*Anse  and  Huron  bay,  between 
Marquette  and  Keweenaw  point.  *The  thickness  of  the  latter 
slates  '4s  enormously  great"  In  color  they  range  from  dark  to 
blackish,  are  partly  hard  and  silicious,  of  bedding  and  cleavage  too 
irregular  for  roofing,  but  are  also  in  part,  regularly  laminated, 
of  an  agreeable  black  color,  and  well  suited  for  roofing,  (vol.  iii,  p. 
163).  Locally,  however,  the  Huron  slates  vary  to  "  whitish-gray- 
yellow,  red  and  brown."  They  possess  all  degrees  of  hardress. 
The  cleavage  appears  often  coincident  with  the  sedimentation,  but 
where  the  colored  bands  are  preserved,  they  are  seen  to  make  an 
acute  angle  with  the  cleavage.  The  sedimentary  dip  is  northward. 
The  formation  presents  three  divisions:  An  upper  of  lighter 
colored,  variegated  slates;  a  middle,  of  alternating  slaty  and  arena- 
ceous beds,  with  interstratified,  larger,  compact  quartzyte  belts  of 
light  color  and  partly  blackish;  and  a  lower  division  embracing  the 
roofing-slates,  (vol.  iv,  p.  130).  The  middle  division  is  regarded 
as  equivalent  to  the  Arenaceous  Slate  group  of  the  Marquette  dis- 
trict It  is  likewise  an  instructive  coincidence  that  a  higher  hori- 
zon of  iron-ore  occurs  in  both  regions,  of  which  the  Taylor  mine 
is  an  example  in  the  L^Anse  district,  and  the  Northampton  and 
d'Alaby  mines  (north  of  the  Champion  mine)  are  examples  within 
the  Marquette  district.  The  ore  occurs  above  the  black  slates, 
which  in  the  Marquette  district  are  graphitic.  These  ore  deposits 
are  regarded  as  contemporaneous  with  that  of  the  Commonwealth 
mine  in  Wisconsinf  ( pp.  130,  222-227 ). 

The  rocks  of  the  Mica  Schist  group  of  Bominger  are  described 
as  **  a  sub-porous  ground-mass  of  very  minute  granules  of  white^ 
translucid  quartz  in  intermixture  with  a  large  proportion  of  bright- 

*Dr.  RominKer's  earliest  observations  on  the  L'Ause  Hlates  are  found  in  Otolooyof 
Michioan,  vol.  iii,  pp.  150-166.    His  later  views  are  in  vol.  iv,  pp.  129-130. 

+Thls  is  the  view  of   major  Brooks,  recorded  ante'  p  174.    The   reader  cannot  fail 
to  compare  the  description  of  these  slates  and  their  accompaniments  of  quartz-schist 
and  iron-ore,  with  the  published  descriptions  of  the*  Animike  series.    See,  especially, 
ante'  pp.  176-184.    For  further  description  of  the  Commonwealth  mine,  see  C.  E.  Wright, 
Geology  of  Wittcorwin,  vol.  ill,  pp.  678-684.    Compare  also.  Eagle  mine,  Wisconsin. 
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ly  glistening  black mioa  soaleB,  and  not  rarely  also,  with  chlorite** 
(p.  131). 

The  mica  is  sometimes  silvery,  and  the  schists  are  interlaminated 
with  large  belts  of  a  more  compact,  minutely  granular,  sub-porous 
quartz  rock,  not  so  rich  in  the  micaceous  constituent,  but  often 
mingled  with  curved  greenish  crystals  of  actinolite.*  In  some  con- 
ditions this  formation  reveals  a  distinct  sedimentary  striation  (pp. 
132, 133). 

Dr.  Bominger  is  not  able  to  reach  a  satisfactory  solution  of  the 
genesis  of  the  Serpentine  group. 

**  The  hypothesis  that  the  Serpentine  formation  is  the  product  of 
local  metamorphic  influences  on  the  dioritic  series  [by  which  it  is 
surrounded],  is  very  improbable,  as  the  lithological  character  of 
the  two  contiguous  rock*8pecies  changes  abruptly."  '*  The  rocks 
occur  generally  in  bulky,  non- stratified  masses  which,  if  they  ever 
originated  from  mechanical  sedimentary  deposits,  are  by  chemical 
action  so  completely  transformed  as  to  efface  all  traces  of  their 
former  detrital  structure.  They  resemble  a  volcanic  eruptive  rock, 
forced  to  the  surface  in  a  soft  plastic  condition ;  and  most  likely 
heat  was  one  of  the  prime  agents  in  their  formation,  or  else  trans- 
formation in  combination  with  aqueous  vapors — which  is  suggested 
by  the  hydrated  composition  of  the  serpentine"  (p.  135). 

A  study  of  the  Menominee  iron  district  led  to  the  determination 
of  the  following  groups  of  rocks  (p.  182). 

III.  Lake  Hanbury  Slate  Oroup,  Dark-gray,  slaty  or  schistose 
beds,  with  interlaminated  quartzose  belts.  Thickness  over 
2,000  feet 
II.  Quinnesec  Ore  Formation.  In  the  upper  part,  light  red, 
whitish  or  gray,  hydromicaceous  and  argillitic  strata.  In 
the  lower  part,  silicious  beds  richly  impregnated  with 
iron  oxide  in  the  amorphous,  haematitic  condition,  or  in 
the  crystalline  form  of  martite,  with  metallic  lustre,  and 
inclosing  beds  almost  exclusively  of  martite  granules. 
The  valuable  ore  deposits.  1,000  feet. 
I.  Norway  Limestone  Belt,  Light-colored  quartzyte  and  sili- 
cious limestone,  usually  in  part  of  a  breociated  structure. 
1,000  feet. 

The  rocks  along  the  Menominee  river  are  regarded  as  equiva- 
lents  of  the  Diorite  Group  of  the  Marquette  district,  and  decidedly 
not  representatives  of  Nos.  XV-XX  of  major  Brooks. 

♦Evidently  this  is  not  a  proper  **inica  schist,"  but  rather  a  mioaoeous  quartzyte  or  a 
njicat'cous  quartz  schist.  It  can  st'aroely  be  compared  with  the  *'  tender"  mica  schUtr 
of  Hunt's  MoDtuli)an.  tliough  the  horizon  is  nearly  coincident. 
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In  general,  the  comparison  of  the  Marqaette  and  Menominee 
districts,  in  spite  of  Dr.  Bominger*s  deprecation  of  tabalar  paral- 
lels, may  be  best  shown  by  the  following  table  (pp.  240-241): 


Marquette. 


'  Ore  deposits  of  the  Taylor,  8.  0. 
Smith.   d'Alaby   and   Northam- 
Y-    J     ton  mines. 

*  •    ]  ActinoUte  schists  above    quartz- 
ytes  of  Mlchlgamml   and  Spurr 
L    mines. 

IV    i  Q^&^^y^  Group  (Teal  lake). 
*    *    I  Limestone  In  Juxtaposition. 

III.   \  Iron  Group. 

jj    J  Dlorltic  Group. 
^      1  Intrusive  Granites. 


MKNOMnnss. 


'  Commonwealth  and  related  ores. 


.  Actinolite  schlste. 

j  Quartzyte  of  Stuteeon  river  falls. 
1  Limestone  separated  by  an  interval. 

-j  Quinnesec  Iron  range. 

j  Diory  tes  and  schists  of  Menominee  river. 
1  Felsyte  Porphyry,  Pemenee  Falls. 


EOLAND   DUER  IrVING. 

1877,  In  his  annual  report  for  1874,  made  to  Dr.  I.  A.  Lapham, 
state  geologist  of  Wisconsin,*  the  "Copper-bearing  Rocks"  were 
made  by  professor  Irving,  a  distinct  division  in  the  geology  of  the 
northern  part  of  the  state,  holding  a  position  between  the  Huron- 
ian  and  fche  Potsdam  sandstone.  He  showed  also  the  existence  of  a 
synclinal  axis  in  Wisconsin,  in  continuation  of  the  great  trough 
between  Keweenaw  point  and  He  Boyale-f  Be  held,  first,  that  the 
beds  of  the  Copper-bearing  series  and  those  of  the  Huronian  were 
once  spread  horizontally  over  one  another,  including  the  whole 
series  of  tilted  sandstones  on  the  Montreal  river;  they  were  dis- 
turbed by  the  same  force,  and  receiving  their  present  tilted  posi- 
tions at  the  same  time,  as  evinced  by  the  entire  conformability  of 
the  two  series.  Second.  The  horizontal  sandstones  of  the  Apostle 
islands  and  the  west  side  of  lake  Superior  were  laid  down  subse- 
quently, and  after  an  immense  amount  of  erosion;  and  the  sand- 
stones of  eeustern  lake  Superior  were  formed  at  the  same  time. 
Third,  The  Copper-bearing  rocks  should  rather  be  classed  with 
the  ArchsBan  than  with  the  Silurian. 

The  Baraboo  and  related  quartzyte  masses  lying  in  Wisconsin, 
many  miles  south  of  the  principal  Arch»an  area,  have  been  differ- 
ently viewed  by  different  geologists,  some  regarding  them  as  of 
Huronian  age,^  and  others,  as  the  representatives  of  the  Potsdam 
8andstone,§ — the  Wisconsin  sandstone  so  described,  pertaining  as 

*Geolooy  of  Wisconsin,  Survey  of  187^-1877,  vol.  11,  p.  47, 1877. 

tThls  view  was«arlier  set  forth  In  Amer.  Jour.  ScU,  III,  vill,  45-56, 1874. 

*J.  Hall,  Oeoloffy  of  Wisconsin,  1882;  Irving.  Amer.  Jour.  Sci.,  Ill,  111,93-90;  Oeoloovof 
Wisconsin,  11,504-524;  Ohamberlin.  OtoU  Wis.  11,248-256. 

SPeroival,  Annual  Report  Geol.  Surv.  Wis.,  1856.  p.  101;  A.  Wlnohell.  A •»?#•.  JjAr.  ' 
xxxvll,  226;  J.  H.  Eaton,  Wiscon.  Acad.  8ci.,  Feb.  1871. 

-J4 
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they  think,  to  a  higher  horizon.  ProfeBSor  Irving,  as  early  as  1871, 
announced  his  conviction  of  their  Hnronian  age;  and  in  the  Wis- 
consin report,  he  worked  oat  the  evidences  with  fullness.  The 
quartzyt^s  are  differentiated  from  the  contiguous  sandstone  by  litbo- 
logical  characters  and  abrupt  structural  unconformability;  and  the 
only  weakness  in  professor  Irviug's  position  is  the  lack  of  full  proof 
that  the  sandstone  is  the  true  equivaleut  of  the  Potsdam.* 

1880.  The  third  volume  of  the  geology  of  Wisconsin  reveals  his 
masterly  grasp  of  the  geological  structure  of  northern  Wisconsio, 
and  of  the  genesis  and  history  of  the  rocks  which  underlie  the  region. 
Here  are  presented  in  bold  and  confident  outline,  those  interpreta- 
tions, bordering  sometimes  on  speculation,  which  characterized 
the  leading  discussions  which  occupied  him  until  removed  by  an 
early  death.  His  writings  are  so  voluminous,  however,  that  it  will 
not  be  practicable  to  do  more  than  set  forth  his  positions  on  some 
of  the  great  questions  with  which  he  grappled. 

In  reference  to  the  nature  and  origin  of  the  Lauren tian  rocks, 
which  he  fully  parallelized  with  the  Canadian  Laurentian  (ii]»  3), 
we  find  him  using  the  following  lamguage: 

**  The  prevailing  rock  along  the  northern  border  [of  the  northern 
mass]  is  a  dark  gray  to  black  hornblende  gneiss,  in  which  the  horn- 
blende has  usually  been  more  or  less  altered  to  chlorite.  This 
alteration,  when  carried  to  any  considerable  extent,  ^ves  a  greenbh 
tinge  and  greasy  feeling  to  the  rock,  and  in  cases  of  extreme  alter- 
ation, there  is  a  passage  to  a  green  chloritic  schist.  The  associated 
granites  are  usually  light  pinkish-tinted  to  gray,  and  highly 
quartzose,  a  frequent  gneissoid  tendency  showing  their  sediment- 
ary nature,"  (iii,  6). 

**  The  hornblende  gneiss  is  always  very  plainly  laminated,  fre- 
queotly  highly  schistose  and  the  whole  internal  structure  of  the 
rock,  as  seen  under  the  microscope,  shows  conclusively  its  original 
clastic  condition.  The  granites  are  generally  without  such  distinct 
bedding  but  appear  nevertheless,  to  be  true  metamorphic  granite. 
No  eruptive  granite,  recognizable  as  such,  has  been  observed.  It  is 
not  possible,  without  overstepping  the  limits  of  our  district,  to 
reach  any  important  generalizations  with  regard  to  the  Laurentian 
series.  It  is  evident  enough  that  the  rocks  are  of  a  true  sediment- 
ary origin,  and  that  they  have  been  folded  in  an  exceedingly  intri- 
cate manner,'*  (iii,  93). 

In  still  another  place,  prof essor  Irving  records  views  in  this  con- 
nection, which  possess  interest: 


♦This  equivalency  has  been  ouniostly  coht*»sted  in   writlnjis  by   N.    H.  VVhiohvll. 
already  quoted.    See.  untr.  pp.  lTr>. 
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'*  The  term  igneous,  as  used  by  Mr.  Wright,  who  seems  also  to 
hold  to  the  unwarrantable  theory  that  the  original  rock  of  the 
earth's  first  formed  crust  would  be  granite,  is  one  not  applicable  to 
any  granites,  since  even  in  the  case  of  the  exotic  kinds,  the  relation 
of  the  constituent  minerals  disproves  a  true  igneous  origin.  The 
quartz  of  granite  is  always  the  last  formed  mineral,  whereas,  from 
its  infusibility,  it  would  certainly  be  the  first  to  form  in  cooling 
from  a  state  of  fluidity.  All  the  facts  go  to  show  that  the  intrusive 
granites  are  but  sediments  softened  by  what  has  been  termed 
aqueo-igueous  fusion,  to  a  degree  of  plasticity  sufficient  to  allow  of 
their  penetrating  fissures  in  the  adjacent  formations.  The  intru- 
sive or  exotic  granites  and  the  metamorphic  or  indigenous  granites 
have  thus  had  about  the  same  origin,  and  there  are  no  lithological 
characteristics  whatever,  either  microscropic  or  macroscopic,  by 
which  we  can  distinguish  them  in  specimens,"  (iii,  p.  194,  note). 

At  a  later  date,  professor  Irving  recorded  his  views  as  follows: 

"  This  stratification  [of  gneiss],  or  parallel  arrangement  of  its 
ingredients,  is  commonly  believed  to  have  been  caused  by  the  pro- 
cess of  sedimentation,  the  crystalline  texture  now  shown  by  the 
gneiss  and  all  other  crystalline  schists  being  regarded  as  the  result 
of  a  peculiar  process  of  molecular  arrangement  known  to  geologists 
as  '  metamorphism.'  While  it  seems  very  probable  that  there  is  a 
great  deal  of  truth  in  this  view,  the  theories  of  metamorphism  as 
they  now  stand,  are  very  unsatisfactory.  Many  rocks  which  have 
been  called  metamorphic  are  plainly  of  an  eruptive  origin,  and  it 
seems  not  improbable  that  the  same  origin  is  to  be  attributed  to 
some  rocks  with  a  strongly  developed  schistose  structure.*'  * 

Of  the  Huronian  system  he  remarks: 

*'  Lying  immediately  against  the  Laurentian,  and  very  sharply 
defined  from  it,  we  find,  extending  from  the  Montreal  river  west- 
ward for  fifty  miles,  to  lake  Numakagon,  a  belt  of  schistose  rocks 
which  we  refer  unhesitatingly  to  the  Cemadian  Huroniem,  and 
which  are  beyond  question,  the  direct  westward  extension  of  the 
iron-bearing  series  of  the  Upper  Peninsula  of  Michigan,"  (iii,  6). 

The  subdivisions  of  this  belt  are  recognized  as  follows,  (iii,  6): 

5.  Medium-grained  to  aphanitic,  dark  gray  mica  schists,  with 
coarse  intrusive  granite.    7,985  feet. 

4.  Alternations  of  black  mica  slate  with  dioryte  and  schistose 
quartzytes,  and  unfilled  gaps.    3,495  feet. 

3.  Tremolitic  magnetite  schists,  magnetitic  and  specular  quartz- 
ytes —  forming  the  Penokee  Iron  range.     780  feet. 


^Gtoloau  of  Wisconsin,  vol.  I.  p.  352, 188H. 


198  EIGHTEENTH  ANNUAL  REPORT 

2.  Straw-colored  to  greoDish  quartz-schist,  and  argillitic  qua 
schist,  often  noyacalyte.    410  feet. 

1.  Crystalline  tremolitic  limestone,  at  times  oyerlaid  by  a  band 
of  white  arenaceous  quartzyte,  and  at  times  absent,  the 
next  formation  above  them  coming  into  contact  with  the 
Laurentian.    130  feet. 

As  the  identification  of  the  Penokee  series  with  the  Horonian  is 
still  a  subject  of  debate,  professor  Irying's  affirmative  reasone 
possess  interest : 

(1).  There  appears  to  be  a  direct  continuation  with  the  iion- 
bearing  system  of  the  Marquette  region  of  Michigan  ;  (2).  The 
grand  subdivisions  of  the  Bad  river  [Penokee]  and  Marquette  sys- 
tems are  strikingly  similar ;  *  (3).  The  Bad  river  and  Marqaette 
systems  both  show  the  same  relation  to  the  Laurentian  and  Ee- 
weenawan  systems  as  found  in  the  Huronian  of  Canada  ;  L  &  are 
newer  than  the  former  and  older  than  the  latter  ;  (4).  The  Mar- 
quette system  is  found  in  unconformable  contact  with  the  Lower 
Silurian  red  sandstone  of  lake  Saperior,  and  also  in  the  Menomi- 
nee region,  is  also  found  in  unconformable  contact  with  the  fossil- 
iferous  Primordial  sandstones  of  the  Mississippi  valley  (iii,  p.  7).t 

The  boldest  feature  of  the  views  promulgated  at  this  time,  was 
the  characterization  of  the  "  Keweenawem  System,"  a  step  fore- 
shadowed in  1877,  and  evidently  meditated  since  1874.  This 
widely  extended  Michigan- Wisconsin  system  is  thus  described : 

'*  It  is  a  distinctly  stratified  system,  but  is  in  large  measure  made 
up  of  eruptive  rocks  in  the  form  of  great  flows.  These  appear  to 
constitute  in  Wisconsin,  the  lower  ten  thousand  to  thirty  thousand 
feet  of  the  system,  apparently  without  interstratified  detrital  beds. 
Above  these,  we  find  the  detrital  beds  increasing  in  frequency, 
until  they  seem  to  exclude  the  igneous  rocks  altogether ;  the  upper 
portions  for  some  fifteen  thousand  feet,  being  apparently  com- 
posed wholly  of  sandstone  and  shale,  with  a  heavy  mass  of  con- 
glomerate at  base"  (iii,  7). 

These  rocks  in  northern  Wisconsin,  form  a  true  synclinal  de- 
pression, and  the  Chequamegon  bay  lies  within  it,  but  crowded 
over  to  the  northern  side.  The  eruptive  rocks  of  the  system  are 
chiefly  of  the  augite-plagioclase  kind — hornblende  when  occasion- 

•The  stratigraphy  of  the  Penokee  Range  is  given  In  Amtr.  Jtmr.  Set  III.  xvii,pp. 
391-395  and  Qeol.of  Win.,  ill,  p  450,  table,  and  in  full  detail  in  the  same  volume,  pp.  1(0-166. 
On  the  •*  Mica  Schists  and  Black  slates,"  see  Van  Hise,  Amer.  Jour.  Sci.,  III.  xxxl,  45J- 
450, 1886.    On  the  **  Iron  Ores"  of  the  series,  see  Van  Hise,  Amer.  Jour.  Sci.,  Ill,  xxxvli 
32-48, 1889.    On  their  "  Origin  "  see  Irving,  Amer.  Jour.  Set.  III.  xxxii    255-2T2, 1888. 

tThis  Identification  had  been  announced  previously  by  Irving  in  Amer.  Jour.  Sei.,  ID, 
xvii,  393-309, 1879.  Further  on  the  "  Divisibility  of  the  Art^h.Tan  in  tho  North w«»sr.'*  «»»f 
Irving,  Amrr.  Jotir.  Sri..  TIT.  xxix.  •inr-e4".  1  »•-:.. 
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ally  ocoarring,  being  always  a  paramorphic  product  of  the  augite. 
These  eiaptives,  therefore  present  a  marked  distinction  from  the 
hornblende-bearing  eruptives  of  the  Haronian  ;  and  belong  to  the 
BosenboBchian  categories,  diabase,  melaphyr  and  gabbro.  The 
diabases,  which  are  far  the  most  abandant,  occur  in  distinct  beds 
of  overflow,  each  of  which  (as  first  pointed  out  by  Pumpelly  and 
Marvine)  is  amygdaloidal  above,  and  massive,  often  columnar  be- 
low, with  an  intermediate  zone,  which  Pumpelly  designated 
"pseudo -amygdaloidal."  The  gabbros  are  coarse  grained,  and  two 
varieties  are  distinguished,  the  most  common  being  light  to  dark 
gray  and  perfectly  crystalline,  and  the  other  being  red  and  black 
mottled,  or  red  and  gray  mottled,  with  some  of  the  crystals  dulled 
in  appearance,  or  red-stained  by  iron  infiltration  (iii,  10).* 

1883.  In  the  progress  of  these  studies,  professor  Irving  devoted 
much  attention  to  the  subjects  of  paramorphic  changes  and  sec- 
ondary enlargements  in  the  mineral  constituents  of  rocks ;  and 
while  not  by  any  means  the  first  to  bring  these  facts  to  light,  he 
was  foremost  in  extending  our  knowledge  of  them,  and  in  illustrat- 
ing their  importance  in  the  history  of  the  rocks.  He  alludes  to 
the  fact  that  most  of  the  older,  dark  basic,  massive  rocks  have  been 
called  diorytes,  because  hornblende  is  joined  in  them  with  a  tri- 
dinic  feldspar,  while  augite  seldom  occupies  the  same  place.  But 
he  says: 

"  Precisely  the  reverse  of  this  is  the  case,  the  diabases,  in  fact, 
being  the  common  kinds,  while  diorites  are  everywhere  rare. 
Moreover,  in  many  diorites  entitled  to  be  so  called  by  their  content 
of  hornblende  as  a  chief  constituent,  this  mineral  has  been  proved 
to  be  merely  a  secondary  transformation  of  augite,  remnants  of 
which  are  here  and  there  to  be  seen  in  little  cores."  f 

This,  he  says,  is  true  of  all  the  diorytes  which  he  had  studied  in 
this  section,  and  he  entertained  little  doubt  that  the  same  would 
be  found  true  of  the  diorytes  described  by  Wichmann  from  the 
Menominee  region.  Hence  he  concludes  that  no  dioryte  as  an  orig- 
inal rock,  has  been  found  in  Wisconsin.^ 

The  work  on  the  Wisconsin  survey  having  closed,  professor  Irv- 
ing entered  upon  a  great  undertaking,  under  the  auspices  of  the 
United  States  Geological  Survey.  This  was  the  preparation  of  "  a 
memoir  aiming  at  a  general  exposition  of  the  nature,  structure  and 

•This  series  of  beds  had  in  1873  been  named  "Keweenaw  Group,'*  by  T.  S.  Hunt,  {Trans 
Amer.  InsU  MinPng  Eng.,  h  331-342);  and  In  1875,  "  Keweenawian,"  by  Brooks.    Later 
"  Keweonlan,"  the  more  euphonious  form  of  the  name,  was  proposed  by  Hunt  (Harper's 
AnnucU  Record,  1876).    See  Oeol.  Witt.,  iil,  660.    Removing  superfluous  letters,  there  re- 
mains *'  Kewenian,"  the  best  form  of  all. 

f  Geology  of  Wiseomin,  vol.  i,  p.  345,  1883. 

$What  is  true  in  Wisconsin  is  very  likely  to  be  true  also  in  Michigan. 
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extent  of  the  series  of  rocks  in  which  occurs  the  well-known  natm 
copper  of  lake  Superior ."  The  transmission  of  this  memoir  bean 
date  October  25, 1881,  but  the  title  page  is  dated  1883.* 

This  remarkable  work  is  an  amplification  of  views,  and  strength- 
ening of  positions  relating  to  a  newly  recognized  geological  sjatem 
which  in  the  Wisconsin  report  had  been  defined  as  KeweenawB]i.t 
It  is  not  intended  to  give  any  synopsis  of  this  volame,  nor  to  point 
oat  the  excellencies  of  the  treatment;  bat  a  few  of  its  more  import- 
ant positions  will  be  stated. 

The  Lower  Groap  of  the  Upper  Ciopper-bearing  series  of  Logan 
— ^the  "  Animike"  of  Hant — is  excladed  from  the  system;  bat  the 
white  and  red  dolomitic  sandstones,  in  the  peninsula  between 
Black  and  Thnnder  bays,  and  thence  to  lake  Nipigon,  are  indnded. 
The  horizontal  sandstones  which  form  the  soath  shore  east  of  Bete- 
Qrise  bay  on  Keweenaw  point,  and  westward  from  Clinton  point 
Wisconsin,  are  also  indaded.  The  system,  then,  '*  consists  of  the 
snccession  of  interbedded  traps,  amygdaloids,  febitic  porphyries 
porphyry-conglomerates  and  sandstones,  and  the  conformably  oyer- 
lying  thick  sandstone,  as  typically  developed  in  the  region  of 
Keweenaw  point  and  Portage  lake,  on  the  soath  shore  of  lake 
Saperior,"  (pp.  24.  385). 

The  volcanic  theory  of  the  origin  of  pebbles  forming  the  con- 
glomeritic  beds  is  combatted.  This  theory  had  been  promalgated 
by  Houghton  in  1841,  and  Foster  and  Whitney,  in  1850  and  1854. J 
The  system  is  demonstrated  to  be  unconformable  with  the  Haronian 
below  and  the  Silurian  above. 

The  possibility  of  a  sedimentary  origin  for  any  of  the  stratified 
semi-amygdaloids§  of  the  Agate  Bay  group  of  beds  is  "  absolntely 
excluded  by  the  completely  crystalline  interior  texture,  the  highly 
vesicular  character,  the  presence  of  unindividualized  magma,  the 
microscopic  flowage  structure,  and  the  graduation  of  each  bed 
downward  into  vertically  columnar,  non-vesicular  olivine-diabase) 

*U.  S.  Geological  Survey,  Clarence  King.  Director.  "The  Copper-bearing  Rocks  of 
Lake  Superior."  4to,  pp.  464,  with  maps  and  cuts,  1883.  [Being  Monograph  V.]  A  full 
digest  of  this  memoir  is  contained  In  the  Third  Annual  Report  tyf  the  U.  S.  Oeol.  Surv. 
pp.  93-198.  BuUetin  No.  23,  U.  S.  Oeol.  Surr.,  1885,  pp.  124, by  R.  D.  Irving  and T.  G.  Cbam- 
berlin,  is  an  important  supplement  to  this  memoir. 

+Thls  system  is  set  forth  In  an  elementary  way  suitable  for  the  general  reader,  by 
T.  C.  Chamberlln,  in  the  tirst  volume  of  the  Wisconsin  ReporU  pp.  96-118, 1883. 

tWadsworth  also  states  that  Foster  and  Whitney  *' remain  the  best  and  most  accur- 
ate exponents  of  the  geology  of  the  country."  {Bull.  Mus.  Comp.  Zool,,  vii  Oe^  Ser.,  i. 
pp.  13, 131) ;  and  would  thus  seem  to  approve  this  leading  position:  yet,  without  noUng 
his  divergence  from  them,  he  says:  "These  conglomerates  and  sandstones  show  br 
the  rounded  and  water-worn  character  of  their  constituent  pebbles  and  grains,  that 
they  are  beach  deposits."  {id.,  p.  128). 

gNoticed  by  N.  H.  Winchell,  ant^.  p.  177,  and  called  by  Norwood,  **  met  amorphic 
shales." 
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(pp.  138,  287)*.  The  forms  of  the  "Sawteeth  mountains"  he 
refuses  to  attribute  to  faulting,  and  says: 

"  The  case  is  just  such  as  is  found  in  every  region  of  flat-dipping^ 
hard  rocks,  and  especially  where  softer  layers  are  interbedded,  as 
in  this  case,"  (p.  142). 

He  regards  the  dikes  seen  along  the  Minnesota  shore  as  sources 
of  the  flows  of  the  lake  basin  ;  and  antagonizes  Dr.  Selwyn's  sug- 
gestion of  activity  through  a  single  vent  (p.  144).  The  ''Palisade 
rock,"  he  says,  'Hs  shown  under  the  microscope,  to  be  a  quartz-por- 
phyry, with  no  traces  of  a  clastic  nature  (p.  187).  The  central 
mass  of  the  Porcupine  mountains  is  a  quartzose  porphyry  unques- 
tionably  eruptive.  Their  structure  has  so  much  in  common  with 
that  of  the  laccolitic  mountains  in  southern  Utah,  that  they  might 
be  supposed  to  owe  their  existence  to  an  eruption  of  the  porphyry 
of  their  central  portions.  *  *  But  these  mountains,  he  con- 
cludes, ''owe  theii  existence,  in  all  probability,  to  a  fold,  the  por- 
phyry of  the  central  portions  being  one  of  the  usual  embedded 
masses  laid  bare  by  subsequent  denudation"  (pp.  150-1  ).t  He 
takes  the  position,  and  repeats  it  many  times,  that  the  so-called 
Animike  slates  are  "beyond  question,  the  equivalents  of  the  iron- 
bearing  Huronian  of  the  south  shore"  (p.  157). 

Of  the  "  red  rocks "  so  largely  associated  with  the  gabbro  of 
Doluth,  he  says: 

"  They  lie  in  it  very  irregularly,  and  form  nothing  like  distinct 
belts,  so  far  as  I  could  make  out.  They  may  be  seen  in  great 
patches  hundreds  of  feet  square,  and  surrounded  on  all  sides  by 
the  gabbro,  and  again,  as  at  the  quarry  near  Bice's  Point,  in  ir- 
regular series,  from  two  or  three  inches  to  several  feet  in  width. 
Much  the  most  abundant  kind  of  these  red  rocks  is  one  which  pre- 
sents macroscopically  a  wholly  crystalline  texture  and  a  pinkish 
color  mottled  with  green.  Pink  feldspar  facets,  now  and  then  stria- 
ted, quartz,  and  a  greenish  mineral,  may  all  be  made  out  with  the 
naked  eye.  Under  the  microscope,  the  rock  is  seen  to  be  chiefly 
composed  of  reddened  orthoclase ;  greenish  hornblende,  quartz  and 
magnetite  are  also  present.  The  quartz  occurs  both  in  quite  large 
patches,  and  again  in  little  strings  running  through  and  through 
the  feldspars,  in  the  usual  manner  of  secondary  quartz.  A  number 
of  these  small  patches  of  quartz  lying  near  each  other  will  polarize 
together,  showing  that  they  are  part  of  one  individual.  Moreover, 
the  same  is  true  of  the  larger  quartz  areas,  and  numbers  of  small 

*Od  a  priori  f^rounds,  one  might  expect  unliidlvldnallzed  magrina  to  remain  insedi- 
mentary  nx'ks  when  not  completely  chan(?<Hl. 
tSee  delallt'd  dfsr'Hptlon,  pp.  'JOO-SST*. 
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particles  lying  near  them,  so  that  all  of  the  qnartz  is  considered  to 
be  secondary.  This  secondary  qaartz  is  freqnently  scattered 
through  the  feldspars  in  such  a  manner  as  to  present  the  appear 
ance  of  graphic  granite,  and  again  it  is  arranged  in  iiregolarly 
radiating  lines.  Chlorite  is  often  present  as  an  alteration  product 
of  both  feldspars  and  hornblende.  No  base  finer  than  the  rest  of 
the  rock  was  observed,  so  that  the  name  should  apparently  be 
syenite"  (pp.  270-1). 

Another  variety  of  the  ''red  rock"  is  described  as  true  granitie 
porphyry.  A  rarer  variety  is  a  felsitic  porphjrry.  These  are  all 
regarded  as  phases  of  the  same  rocL 

In  describing  the  Animike  rocks  in  the  vicinity  of  Thunder  bay, 
lake  Superior,  he  sums  up  by  saying  that  they  **  consist  of  a  great 
series,  probably  upwards  of  ten  thousand  feet  in  thickness,  of 
quartzites  which  are  often  arenaceous,  quartz-slates,  argillaceous  or 
clay  slates,  magnetic  quartzites  and  sandstones,  thin  limestone 
beds,  and  beds  of  a  cherty  and  jaspery  material,"  (p.  379).  He 
says  also: 

*'  Logan  moreover,  evidently  took  as  Huronian,  that  part  of  the 
Animike  group  which  'occupies  the  coast  for  a  distance  of  ten 
miles  immediately  below  the  mouth  of  the  Kamanifitiqoia  river, 
on  the  north  side,  leaning  in  a  narrow  strip,  against  the  gneiss  of 
the  older  series,' "  (p.  379). 

The  Animike  rocks  are  confidently  identified  with  the  rocks  of 
the  Penokee  Range;  but  these  latter,  as  has  been  stated,  were  with 
equal  confidence  identified  with  those  of  the  iron-bearing  series  of 
Marquette.  The  Animike  must  therefore  be  the  equivalent  of  the 
Marquette  rocks.  But  Irving  endeavored  to  trace  some  positive 
resemblances  between  the  Animike  and  the  rocks  of  Marquette; 
but  without  very  convincing  results,  (pp.  385-6). 

At  this  point  the  able  author  is  seen  to  be  on  the  brink  of  a 
broad  fallacious  inference.  He  takes  up  the  consideration  of  the 
"Original  Huronian,"  and  correctly  concludes: 

"  It  appears  to  me  very  probable  that  the  original  Huronian  of 
lake  Huron  and  the  Animike  slates  of  Thunder  bay,  and  thence 
southwestward  to  the  Mississippi  river,  are  one  and  the  same 
formation,"  (p.  390). 

This  was  the  opinion  first  entertained  by  Logan;*  but  he  subse- 
quently associated  those  slates  with  the  overlying  KeweenawaD. 
Then,  as  there  was  a  lower,  unconformable  mass  of  slate  conglom- 
erates, he  concluded  to  call  those  Huronian.  Irving,  however, 
while  still  holding  to  the  Huronian  character  of  the  Animike, 

*Report  of  Progress,  Oeol.  Surv.  of  Caiuida,  1844,  p.  29. 
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seems  to  have  disregarded  the  vertical  slate  conglomerates,  appar- 
ently because  they  graduate  conformably  into  the  crystalline 
schists  and  gneisses,  and  might  be  taken  for  a  portion  of  that  series 
— an  unconformability  between  two  systems  supposed  Huronian 
and  Laurentian,  haying  been  noted  at  Penokee  gap.  Thus  Irving 
held  as  Huronian  what  Logan  held  as  a  part  of  the  Copper-bearing 
series;  and  Logan  came  to  hold  as  Huronian  what  Irving  took  as 
part  of  the  crystalline  schist  series.  But  when  Logan  based  his 
description  on  what  he  now  held  to  be  Huronian  and  Irving  over- 
looked, Irving  thought  them  to  apply  to  the  iron  series  of  Vermil- 
ion lake  (as  they  readily  did),  and  concluded  that  to  be  Huronian, 
though  in  truth  the  rocks  graduated  into  the  crystalline  schists, 
while  what  he  had  rightly  identified  with  Huronian  on  Thunder 
bay,  was  really  an  overlying  and  discordant  series.  But  that  dis- 
cordance Irving  had  not  yet  discovered  at  any  actual  juxtaposition, 
and  he  devoted  much  effort  to  showing  how  two  different  forma- 
tions of  different  dip  and  strike,  might,  at  some  former  time,  have 
approached  each  other  with  a  common  dip  and  strike,  (pp.  392-4). 
In  this  state  of  the  facts  professor  Irving  feels  himself  in  a  dilemma 
when  he  reads  Dr.  Bell's  descriptions  of  assumed  Huronian  rocks 
more  remote  from  Thunder  bay,  and  misunderstands  Dr.  Bell  at 
the  same  time,  as  speaking  of  the  rocks  which  Irving  had  correctly 
called  Huronian.  Nevertheless,  Irving  is  able  to  convince  himself 
that  all  the  areas  by  anybody  called  Huronian,  agree  in  such  par- 
ticulars as  to  justify  him  in  sweeping  them  all  into  that  category, 
(p.  395).  Irving  suspects  indeed,  that  two  groups  of  schists  have 
been  confounded  by  the  Canadian  geologists — ''the  iron- bearing 
schists  of  the  Huronian  and  the  schistose  greenish  phase  of  the  older 
gneiss  " — but  he  does  not  suspect  that  he  has  himself  identified  and 
confounded  two  other  systems  which,  unlike  these  groups,  stand  in 
discordant  mineralogical  and  structural  relations  to  each  other. 

1885,  The  overlap  of  professor  Irving's  Keweenawan  studies  on 
systems  of  older  date,  was  the  prelude  to  a  formal  investic^ation  of 
the  Huronian  system  as  a  specialty.  This  was  undertaken  also, 
under  the  auspices  of  the  Government  survey,  and  was  in  progress 
at  the  date  of  his  lamented  death.  But  some  preliminary  papers 
appeared,  from  which  we  may  learn  the  fundamental  positions 
which  he  was  preparing  to  defend.*  In  the  first  memoir,  the  fol- 
lowing areas  of  older  rocks  are  grouped  together  under  the  desig- 
nation Huronian : 

*A  first  paper  entitled  "  Preliminary  Papers  on  an  InvestiKation  of  the  ArchsBao 
Formations  of  the  Northwestern  States."  was  published  In  the  Fifth  Annual  Report  of 
the  U.  S.  Geol.  Surv.,  1885.  pp.  175-342. 
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The  Original  Hnronian. 

The  Marquette- Menominee  Iron-bearing  Bchists. 

The  Wisconsin  Valley  slates. 

The  Penokee-Gogebic  Iron-bearing  schists. 

The  St.  Louis,  [Minn.]  slates. 

The  Chippewa  Valley  quartzites. 

The  Black  Biver  Iron-bearing  schists. 

The  Baraboo  quartzites. 

The  Sioux  quartzites. 

The  Animike  series. 

Folded  schists  of  Canada. 

In  the  progress  of  a  condensed  examination  of  these  eleven  areas* 
professor  Irving  states  more  explicitly,  what  he  intimated  in  lus 
previous  memoir,  that  the  so-called  "crowning  overflow,"  resting 
on  the  Animike  cliffs  of  Thunder  bay  and  the  regions  to  the  south- 
west, is  not  to  be  regarded  as  one  final  overflow,  but  a  suooession  of 
overflows,  interbedded  in  a  succession  of  slaty  deposits.*  He  op- 
poses sharply  the  position  of  Foster  and  Whitney,  and  later,  of 
Wadsworth,  that  the  iron  deposits  and  associated  jaspers  bi%  of 
eruptive  origin  (p.  192).  The  folded  schists  north  and  east  of  lake 
Superior,  described  by  the  Canadian  geologists,  since  1863,  as  Hn- 
ronian, are  admitted,  at  least  some  of  them,  in  that  system,  but 
he  says: 

''We  are  immediately  confronted  with  a  structural  problem  of  a 
good  deal  of  difficulty,  i.  e.,  the  relation  of  these  folded  schists  to 
the  unfolded  Animike  series.  Generally  as  the  Animike  series  is 
traced  toward  its  northern  border,  it  is  found  to  lie  against  a  belt 
of  granite  and  gneiss.  This  is  so  along  the  shore  of  Thunder  bay» 
and  thence  westward  to  Gunflint  lake,  and  it  is  true  again  at  the 
Mesabi  Bange  and  Pokegama  falls  district,  in  Minnesota.  North 
of  this  belt  of  granite,  comes  the  belt  of  folded  schists.  The  ap- 
pearance thus  presented  is  at  first  sight,  one  of  general  unconformity 
between  the  flat-lying  Animike  and  an  older  series  including 
gneiss  and  older  folded  schists." 

This  state  of  facts  was  in  direct  conflict  with  his  theory  that  the 
Animike  and  the  folded  (vertical)  schists  are  one.  The  reconcilia- 
tion of  the  facts  and  the  theory  occupied  his  earnest  attention.  A 
hypothesis  was  proposed  for  this  purpose.!  He  supposes  'that 
the  Animike  rocks  were  once  continuous  with  the  folded  schists  to 
the  north  of  them,  and  that  they  are  now  separated  merely  because 

♦p.  303.  Seoalst),  Fifth  Anmuil  Uc]Hirt.  p.  382.  The  "crownlnj:  overflow"  Is  now  dis- 
credited by  the  present  Director  of  the  C'auadian  Survey— Sc(c»ief,  il,  p.  675, 1884. 

^Third  Annual  Repttrt,  Wiacoiu^in  (Jeol.  Surv..  p.  171:  MornHfraphs  V.  S.  (w€ol.  Surr..  vol.  v. 
pp.  :iOO.  417:  Fifth  Annunl  RejMnt,  p.  20(i. 
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of  the  erosion  of  the  crowns  of  the  folds  between  them,  the  close 
folding  of  the  folded  schists  being  supposed,  on  ihis  view,  to  have 
been  produced  concomitantly  with  the  broad  simple  bend  which 
forms  the  trough  of  lake  Superior.  On  this  supposition,  the  un- 
folded schists  of  the  north  shore  are  compared  with  the  unfolded 
Penokee  of  the  south  shore;  and  the  folded  schists  of  the  national 
boundary,  with  the  folded  schists  of  the  Marquette  and  Menominee 
regions.  All  are  supposed  to  represent  a  great  sheet  of  Huronian 
deposits  once  continuously  spread  upon  a  floor  of  far  older  gneisses 
and  schists,  which  have  since  been  brought  to  view  by  folding  and 
denudation.'** 

Some  little  support  for  this  not  impossible  hypothesis,  was 
gathered  from  the  fact,  that  in  one  region,  where  the  horizontal 
and  vertical  schists  were  separated  by  only  a  few  miles,  the  hor- 
izontal schists  acquired  considerable  dip.  In  some  localities,  as 
shown  by  N.  H.  Winchell,  they  became  irregular  in  dip,  and  man- 
ifestly disturbed.    But  professor  Irving  was  never  able  to  proceed 

further.t 

In  the  sequel  of  this  memoir,  the  author  presents  other  results 
of  studies  upon  his  general  problem,  and  among  them  are  interest- 
ing facts  respecting  enlargements  of  quartz  fragments  (pp.  229- 
230);  and  these  lead  him  to  an  explanation  of  so-called  "crystalline 
sandstones",  (p.  219)^  A  final  conclusion  from  these  studies  is 
'that  all  of  the  quartzites  marked  provisionally  as  Huronian 
on  the  accompanying  map,  including  the  type  Huronian  of  lake 
Huron,  are  merely  sandstones  which  have  received  various  degrees 
of  induration  by  the  interstitial  deposition  of  a  silicious  cement 
which  has  generally  taken  the  form  of  enlargements  of  the  original 
quartz  fragments,  less  commonly,  of  minute,  indepe  jdently  oriented 
areas,  and  still  less  commonly,  of  an  amorphous  or  chalcedonic 
silica,  two  or  even  three  forms  of  the  cementing  silica  occurring 
at  times  together  in  the  same  rock"  (p.  236). 

•Fifth  Annual  Rein>rt,  U.  S.  Oeol.  Sure.,  pp.  20(^207. 

tTbe  writer  will  here  state  that  the  Minnesota  Survey  haK  nhown  that  the  disturb- 
ances referred  to  (cast  of  Oglshkemuncie  lake)  are  very  hx;al,   and  the  horizr>ntal 
schists  north  of  Gunfllnt  lake  are  not  separated  from  the  vertical  by  a  ffneissic  inter' 
position,  bat  rest   in  very  discordant  contact  upon  them.    No  more  speculation  Is 
Decoasary. 

Professor  Irving  read  a  paper  before  the  National  Acfulemu,  Apr.  22,  189r,  which  waM 
pabllshed  in  Amer.  Jour.  Sci.,  III.  xxxiv.  aM-216;  240-263;  3«^-374.  entitled,  **flave  We  a 
Haronian  Oroup?**  This  was  chiefly  an  occasion  for  restating  the  views  prenimted  in 
the  paper  here  noticed,  and  for  a  final  effort  to  elucidate  hii*  hypotheslM  for  the 
^jnehronization  of  the  Animike  and  the  older  schisttt  n'>w  known  as  Kewatin.  Thf*< 
paper  has  been  noticed  by  me  in  Bull.  GtfA.  Soc.  Amer.,  i.  p.  3R7. 

4The  subject  has  lR*en  mon.*  fully  treated  in  Bulletin  U.  S.  Gad.  Sure.  No.  h,  imhi.  by 
B.  D,  Irving  and  C.  K.  VanlliHe. 

Soch  enlargements  in  "Honiblendos  and  AugitOH"  havenubsequently  t>«*en  tieaorihetl 
bj  professor  C.  R.  Vanllise,  Amer.  Jtmr.  Sri.  III.  xxxlll.  :i«^:tf»*.  IWC. 
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The  sabject  of  enlargements  of  felcbpar  fragments  is  similar! j 
discussed  and  the  facts  established. 

A  final  conclusion  from  all  the  facts  is  that  the  most  of  the  rocb 
generally  styled  Huronian  do  not  properly  fall  under  the  head  of 
metamorphic  rocks. 

These  inferences  are  carried  further  in  the  important  Bulletin 
cited  above. 

1888,  The  last  important  memoir  from  Professor  Irving's  pen 
is  a  compilation  of  fundamental  principles  to  be  employed  in  the 
classification  of  unfossiliferous  rocks.* 

Of  this  the  author  says:     "Beyond  many  of  the  facts  cited  in 
illustration,  and  the  mode  of  presentation,  the  paper  does  not  con- 
tain yery  much  that  is  new  or  original."    It  nevertheless  presents 
a  convenient  synopsis  of  principles,  and  shows  a  mature  mastery 
of  the  subject.    For  the  present  purpose  a  few  quotations  of  new 
or  maturing  views  on  certain  points,  will  suffice.    Speaking  of  the 
green  schists  which  with  more  or  less  of  mica  schists  and  other 
later  rocks  has  been  marked  as  Huronian  for  the  entire  region 
north  of  lake  Superior  by  the  Canadian  survey,  he  says  they  are 
not  separated  from  the  Laurentian  by  any  unconformity.     There- 
fore, ''  The  name  Huronian  belongs  to  an  entirely  different  group."t 
In  attempting  to  illustrate  the  structural  relation  of  the  Animike 
series  to  the  underlying  schists,  he  presents  (p.  421)  a  diagram 
section  across  Gunflint  lake,  which  sets  forth  the  observed  facte 
with  sufficient  accuracy.    But  his  interpretation  of  the  fact  seems 
to  be  erroneous.     He  says  the  Animike  abuts  "against  an  older 
formation  of  granite  and  schists,"  and  he  says  too,  ''the  iron-bear- 
ing horizon  at  the  base  of  this  succession  [the  Animike]  is  litho- 
logically  identical  with  that  of  the  Penokee  series  of  northern  Wis- 
consin and  Michigan."     So  far  he  is  perhaps,  right — but,  with  the 
understanding  that  the  ''granite"  [gneiss]  is  quite  removed  from 
the  contact  with  the  Animike,  and  that  the  ''schists"  at  the  contact 
are  not  the  usual  crystalline  schists  which  succeed  the  gneiss  and 
granite,  but  hold  a  position  superior  to  them,  in  the  same  vicinity. 
Professor  Irving's  misconception  consisted  in  regarding  those  ver- 
tical "schists"  as  part  of  the  series  of  crystalline  schists,  and  in 
conceiving  them  as  different  from  the  vertical  schists  which  inclose 
the  iron  ores  at  Vermilion  lake.      Identifying  these  vertically- 
standing  ore  beds  with  those  in  the  flat-lying  Animike,  he  makes 

"On  the  Classification  of  the  Early  Cambrian  and  Pre-Cambrian  Formations.  A 
brief  Discussion  of  Principles,  illustrated  by  examples  drawn  mainly  from  the  Lake 
Superior  Region."    Seventh  Annual  Report  U.  S.  Geol.  Surv.,  1888.  pp.  363-454. 

+ Yet  this  Is  precisely  the  group  which  in  tho  Vermilion  rej^lou  of  Minnesota,  profes- 
sor Irvlnjf  calls  Huronian 
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an  nnsttCceBsful  attempt  to  repieseDttbem  as  "flat-lying/'  like  the 
Animike  ores  at  Gunflint  lake*    (p.  421). 

Professor  Irving  insisted  on  a  "strnotural  unconformity  between 
the  Huronian  and  Lanrentian."  He  makes  nameroas  references 
to  Sir  William  Logan's  utterances  on  the  sabject,  and  though  they 
are  strikingly  self-contradictory,  Irving  asserts,  they  "show  cer- 
tainly his  full  belief  in  such  unconformity"  (p.  430).  This  confus- 
ion on  Logan's  part,  and  misapprehension  on  Irving's,  arise  from 
their  common  error  in  applying  the  name  Huronian  to  two  different 
systems,  and  Irving's  supposition  that  the  Penokee  Huronian — 
rightly  identified  with  the  original  Huronian — is  the  same  as  Lo- 
gan's "Lake  Superior  Huronian." 

In  discussing  the  tazonomic  exhibit  which  he  gives  of  the  older 
rocks  (pp.  440-441)  he  says: 

"At  the  base  of  the  succession  is  a  series  composed  of  gneiss  and 
granitic  rocks,  with  also  a  large  development  of  schists.  The 
granite  is  certainly  in  the  main  eruptive.  The  schists  are  very 
largely  compressed  eruptives,  but  also  in  part  of  sedimentary 
origin"  (p.  442).  This  view  may  be  compared  with  those  given, 
ant6,  p.  197. 

But  of  thfi  mica  schists  or  mica  slates  described  as  holding  a  po- 
sition near  the  top  of  the  Marquette  iron  series,  he  says: 

"Our  own  microscopical  studies  of  them  have  demonstrated  their 
derivation  by  mere  metasomatic  changes,  from  rocks  wholly  of  de- 
trital  origin,  the  fragmental  character  frequently  being  well  pre- 
served, even  to  the  naked  eye,  while  large  portions  of  the  same 
horizon  show  little  change  from  the  original  fragmental  conditions." 
(p.  386. )t 

As  the  outcome  of  the  entire  discussion,  professor  Irving  re- 
sents the  following  taxonomic  suggestion  (p.  454): 

Systems.  Groups.  Systems. 

'  Carboniferous, 

paieo«>ic.  ^gt:e±°' 


Paleozoic. 


Silurian, 
(^Cambrian. 
Agnotozoic     (  Keweenawan, 

or  \  Huronian, 

Eparchsean.     /  (Other  ^^ups?) 

Archiean.        {  ^*"tt!l?T  ^^^^''^^''^  ""^^^  '""'-]  Archaan. 


*  His  diagram  attempting  this  is  in  Amtr.  Jtmr.  Sci.,  III.  xxxiv,  p.  2j0. 

tBuch  micaceous  schists  are  what  the  writer,  in  the  Fifteenth  and  Hixteonth  Minne- 
sota Knpnrts.  hn«  »»tyU»fi  *'na'»cont.  in1<»a  j4«*hNt*.." 
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Andrew  C.  Lawson. 

1^86.  In  his  description  and  estimate  of  the  rocks  in  the  viciD- 
ity  of  the  Lake  of  the  Woods,*  Dr.  Lawson  assumed  positions  of 
such  originality  and  boldness  as  to  entitle  his  oontribations  to 
an  important  place  in  this  sketch  of  opinions  concerning  the  older 
rocks  of  America. 

The  schists  in  the  vicinity  of  the  Lake  of  the  Woods  had  been 
noticed  by  Bigsby  and  the  other  early  explorers.  By  Bell,  they 
had  been  designated  Haronian,  from  their  resemblance,  ondoabt- 
edly,  to  the  schists  misnamed  Haronian,  on  the  north  and  east  of 
lake  Saperior.t  Dr.  G.  M.  Dawson  first  remarked  the  apparent 
volcanic  origin  of  a  large  part  of  the  '^Haronian'*  frocks. 

Dr.  ^awson  is  not  satisfied  to  embrace  all  the  older  schists  in 
the  Haronian.§    He  says: 

"The  schistose  belt  of  the  Lake  of  the  Woods  appears  to  me  to 
differ  from  the  typical  Haronian  of  Sir  William  Logan  both  litho- 
logically  and  in  other  respects.  The  typical  Haronian  of  Logan 
is,  from  his  description  of  it,  essentially  a  qaartzite  series,  in  which 
the  quartzites  are  true  indurated  sandstones.  The  schistose  belt 
of  the  Lake  of  the  Woods  is  not  so  characterized.  Qutfrtzites  form 
an  extremely  small  proportion  of  the  rocks  of  the  Lake  of  the 
Woods,  and  then  they  are  only  local  developments  in  formations 
of  mica  schist  and  felsite  schist.  Bedded  limestones  are  character- 
istic of  Logan's  typical  series.  On  the  Lake  of  the  Woods,  there 
are,  so  far  as  I  have  l>een  able  to  determine,  no  bedded  limestones, 
the  nearest  approach  to  them  l)eing  small  segregated  bands  of 
dolomite  of  the  character  of  veinstones.  These  two  differences 
alone  are  sufficient  to  throw  doubt  on  the  equivalence  of  the  two 
series,  if  lithological  character  is  to  be  regarded  as  an  aid  to  geo- 
logical classification.  There  are,  however,  other  differences.  The 
basal  conglomerate  of  L:>gan's   Huronian.  on  Lake   Temiseamang. 

•Ro;x"rt.  ::  :,.  -•    .    -•>     '  '    •    L.»-»'      f  ■  .-    -^      -  -     -J.      .    •  :      -Vn:-.  .  j.   rvfrr^^cy:- 

iho  K«H'\*:»t:;.    H.;:     •  .t   .f  ;    •     A*    ..•..>:     •:  •  j^^      .'?.«     \.-    .r-  »   C    L-w^::.  IS.A 

';^i.'i.;;i.-.!i'.rs  i  .V*    •  ''  /r.»'     ..-■-.     '.     A:  •..-■-■  r-       -   .  ^-  r..  >  .  V.  1  .   i-vv. 
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is  described  as  holding  pebbles  and  boulders,  sometimes  a  foot  in 
diameter,  of  the  subjacent  gneiss,  from  which  they  appear  to  be 
derived.  The  boulders  display  red  orthoclase  feldspar,  translu- 
cent colorless  quartz,  green  hornblende  and  brownish  black  mica 
arranged  in  parallel  layers,  which  have  a  direction  according  to 
the  attitude  in  which  the  boulders  were  accidentally  inclosed.  The 
rocks  on  the  Lake  of  the  Woods,  which  are  in  the  following  pages 
referred  to  as  agglomerate  schists,  are  not  basal  ^nglomerates. 
They  are  not  at  the  base  of  the  series  included  in  the  schistose 
belt,  nor  are  they  apparently  composed  of  water- worn  fragments, 
derived  from  the  rocks  upon  which  they  rest. 

''No  fragments  that  can  be  referred  to  the  underlying  granitoid 
gneisses  are  found  included  in  the  agglomerate  schists  of  the  Lake 
of  the  Woods.  All  the  facts  connected  with  them  point  to  a  volcanic 
origin  for  these  agglomerates,  and  the  frap:ments  are  very  fre- 
quently sharply  angular,  often  with  re-entering  angles,  although 
for  the  most  part,  they  are  elongatad  and  lenticular  in  shape,  as  a 
result  of  pressure,  and  the  paste  in  which  they  are  imbedded  does 
not  differ  from  them  materially,  as  a  rule.  In  rare  instances, 
they  pass  into  a  pebble  or  boulder-conglomerate,  in  which  the  peb- 
bles are  usually  of  a  reddish  felsitic  material,  and  indicate  the 
coexistence  of  aqueous  with  volccmic  deposition." 

**The  'green  slate  rock'  conglomerates  at  the  mouth  of  the  Dor<' 
river,  lake  Superior,  described  by  Sir  W.  Logan,  supposed  by  him 
to  be  equivalent  to  the  rocks  of  his  main  Huronian  area,  appear  to 
resemble  the  agglomerate  schists  of  the  Lake  of  the  Woods.  This 
Dor<5  river  area  of  'green  slate  rocks,'  is  however  geographically  dis- 
tinct, and  appears  to  differ  from  the  series  in  the  typical  Huronian 
region .  The  rocks  are  described  as  standing  in  a  nearly  vertical 
attitude,  while  those  of  the  latter  are  comparatively  flat.  Neither 
are  they  associated  with  beds  of  quartzites  or  limestones  to  a 
material  extent.  Those  differences,  with  the  geographical  separa- 
tion, may,  I  believe,  warrant  us  in  considering  the  possibility  of 
Logan  having  placed  under  one  designation,  two  distinct  series.*' 

Other  and  good  reasons  are  given  for  the  opinions  here  set  forth, 
but  we  must  forbear  to  cite  further. 

"  While  thus  the  schists  of  the  Lake  of  the  Woods  are  older  than 
the  epoch  of  folding,  and  older  than  the  granites  which  are  intrud- 
ed through  them,  Logan's  typical  Huronian  has  come  into  existence 
later  than  the  time  of  folding  of  the  gneiss,  and  possibly  also,  later 
than  the  main  period  of  granitic  irruption." 

He  refers  to  Irving's  conclusions  as  supporting  his  own  view. 
Citing  Irving's  full  identification  of  the  Animike  series  of  Thunder 
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Tha9,  since  the  gneiss  gradaates  into  granite,  he  discovers  a  mio- 
eralogical  graduation  between  mica  schist  and  ^anite.* 

Particular  attention  is  devoted  to  the  relations  of  the  gneissM 
with  the  associated  schists.  ''The  gneiss'*,  he  says,  "in  some  placeg, 
holds  large  and  small  angular  fragments  of  hornblende  schist  .  . 
The  planes  of  lamination  of  the  schist  and  foliation  of  the  gneiss 
are  parallel,  though  there  are  unmislakable  evidences  that  the 
contact  is  an  igneous  one,  and  that  when  there  is  a  mixed  alterna- 
tion of  gneiss  and  schist,  the  former  has  been  injected  within  the 
latter  [italics  are  the  compiler's].  This  mixture  of  gneiss  and 
schist,  with  occasional  short  broken  bands  nnd  fragments  of  schist 
included  within  the  gneiss,  occur  at  intervals  along  the  shore  of 
Darlington  bay"  (p.  64). 

In  another  place,  he  speaks  of  ''dykes  and  gneiss"  catting  the 
schists,  and  presenting  the  appearance  of  "evenly  intercalated 
beds"  (p.  72).  As  we  approach  thegreatgneissic  area,  these  inter- 
calations become  more  frequent.  At  the  jun^^tion  between  the 
gneiss  and  schists,  there  is  *'no  sharply  defined  line  of  contact,  but 
a  transitional  series  of  layers  of  alternate  gneiss  and  schist" 
(p.  72). 

He  gives  figures  of  such  alternations,  and  says: 

"The  two  rocks  [are]  apparently  ihterbedded  as  a  transitional 
alternation,  but  the  gneiss  [is]  in  reality  intruded."  In  one  place 
he  enumerates  sixteen  alternations  of  gneiss  and  hornblende 
schist,  **sorae  of  the  gneissic  beds  being  as  thin  as  four  inches,  six 
inches,  eight  inches  and  one  foot,  with  intervening  schistic  beds 
as  low  as  eight,  twelve  and  fifteen  inches,  all  regular  and  bed-like 
in  their  characters;"  "bat  their  true  nature,"  he  says,  "as  injected 
sheets  or  dykes,  is  sufficiently  revealed."  This  opinion  seems  to 
be  rested  on  the  facts  that  occasionally  a  bed  of  gneiss  sends 
"irregular  tongues"  into  the  schists,  or  includes  "fragments  of  the 
schist  walls."t 

The  plutonic  view  is  defended  by  the  author  with  unmistakable 
ability,  (p.  83,  etc);  but  we  have  not  the  space  for  adequate  cita- 
tions. The  Kewatin  is  held,  with  reserve,  to  be  structurally  con- 
formable w^ith  the  Lanrentian;  but  at  the  same  time,  it  is  presum- 
able that  a  real  historic  break  separates  them. 


•Nevertheless,  so  far  as  the  writer  can  ascertain,  he  rej^ards  the  Kewatin  asembrae- 
Ing  all  the  rocks  down  to  the  gneiss,  where,  for  the  reasons  given,  he  discovers  evi- 
dences of  a  very  different  sort  of  geologic  agency. 

tSlinilar  relations  of  gneiss  and  contiguous  schists  are  described  in  the  FSfteenth  and 
Sixteenth  Annual  Reports  of  Minnesota;  but  a  different  interpretation  is  put  upon  the 
gneissic  beds.  Sec  also  the  writer's  memoir  in  Bull.  Qeog.  Soe.  ^m«-.,  pp.  337-3M* 
Apr.,  1890. 
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As  to  the  general  stractnre  of  the  region,  he  says:- 

"The  granitic  intrasions  of  the  area  of  the  Lake  of  the  Woods 
may  be  grouped  under  ten  main  centres  of  occurrence  or  distribu- 
tion, with  a  number  of  bosses  of  minor  importance,  which  appear 
to  be  independent  of  these." 

These  areas  are  regarded  as  so  many  outbursts  through  the  over- 
lying Kewatin  and  are  therefore  of  later  age.  The  granitic 
masses  have  a  definite  relation  to  the  stratigraphical  structure,  and 
seem  to  lie  in  the  lines  of  folding,  and  to  have  been  affected  by 
the  same  cause  as  produced  the  folding  (pp.  100,  101). 

Of  the  Kewatin  series  he  enumerates  and  describes  the  follow- 
ing members: 

'^Granitoid  rocks  at  either  extreme. 

''Hornblende  schists  with  associated  altered  traps,  the  whole 
more  or  less  chloritic. 

"Agglomerate  schists,  varying  in  character  from  greenstones  to 
micaceous  or  gneissic  schists. 

"Quartzose  mica  schist,  sometimes  gneissic,  but  lamination  very 
even. 

"Hydromicaceous  and  chloritic  schists,  and  arenaceous  slates. 

"Granite  (irruptive)." 

1887.  In  continuation  of  the  results  of  his  studies  in  the  Cana- 
dian Northwest,  Dr.  Lawson  gave  a  preliminary  account  of  the 
geology  of  the  Bainy  lake  region.*  This  region  geologically  is 
a  continuation  of  that  of  the  Lake  of  the  Woods.  He  here  brings 
out  more  expressly  his  belief  that  the  granitic  and  gneissic  rocks 
are  younger  in  respect  to  the  conditions  in  which  we  know  them, 
than  are  the  crystalline  and  semi-crystalline  schists.  He  says 
truly: 

"We  do  not  yet  know  their  original  condition  prior  to  the  fusion 
from  which  they  solidified  into  granites,  syenites  and  gneisses. 
They  may  have  been  sedimentary;  they  may  have  been  the  original 
crust  of  the  earth.  But  whatever  may  have  been  that  original  con- 
dition, the  evidence  is  clear  on  this  point,  viz:  that  the  fusion  and 
solidification  whereby  they  were  brought  into  their  present  con 
dition  as  firm  crystalline  rocks,  took  place  at  a  period  subsequent 
to  the  existence,  in  a  hard,  brittle  condition,  of  the  stratiform,  and 
often  very  distinctly  clastic,  rocks  which  occupy  the  higher  place 
in  the  column.  Therefore,  as  rocks,  the  members  of  this  fund- 
amental system  are  of  younger  age  than  those  of  the  nearest 
overlying  formations." 

But  he  draws  the  line  of  distinction  between  igneous  and  sedi- 

*Amer,  Jour.  Sd.,  III.  xxxiil,  473-480,  June.  1887. 
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mentary  rocks  at  the  crystalline  schists.  He  inclades  here  certab 
fine-grained,  bedded  rocks  for  which  he  proposes  the  term  ^granu- 
lite  gneisay^  The  schists  generally  known  as  cry stalline  schisti, 
occupying  a  position  between  the  gneisses  and  the  semi-crystalline 
schists,  are  here  separated  from  the  latter,  and  receive  the  name,. 
**Coutohiching  series."t 
He  says  of  them : 

''They  are  very  sharply  and  distinctly  marked  off  from  the  lower 
granites  and  gneisses  of  the  Laarentian.  The  geological  contact 
between  the  Coatchiching  series  and  the  Lanrentian  is  one  of  neither 
conformity  nor  unconformity.  The  break  is  of  an  entirely  different 
order,  and  the  contact  is  eminently  that  of  an  i^cneous  injection  or 
intrusion  of  the  lower  through  the  upper  rocks"  (p.  4y7), 

The  overlying  [Kewatin]  schists  are  ''of  entirely  different 
character."  The  rocks  are  for  the  greater  part  "of  volcanic  origin ' 
Though  structurally  conformable  with  the  Couchiching  series,  the 
appearance  of  parallelism  may  be  the  result  of  folding  and  pressure. 
The  diverse  character  of  the  rocks  of  the  two  series  is  proof  of  a 
profound  alteration  in  the  conditions  of  rock  formation,  which 
implies  a  geological  break. 

Regarding  the  systems  in  order  of  superposition,  he  arranges 
them  thus: 

Kewenawan  (Nipigon). 
Haronian  (Animike). 
Kewatin. 
Couch  iehing. 
Laurentian. 
But  regarding  them  in  the  order  of  age,  they  would  stand  thus: 
Kewenawan  (Nipigon). 
Huronian  (Animike). 

Diabase  dykes  and  gabbro, 
Granite,  post-Laurentian. 
Laurentian. 
Kewatin. 
Couchiching 
1888.     Dr.  Lawson's  final  report  on  the  geology  of  Kainy  lake 
region  appeared  in  1888.  J    This  thoroughly  scientific  memoir,  in 
the  discussion  of  doctrines,  is  devoted  rather  to  the  strengtheniog 

•This  convenient  and  appropriate  term  has  been  used  many  years  by  tb«  present- 
writer.  This,  as  also  ••Kranulite  schist,"  are  given  in  his  "Geological  Studies,**  pp  51 
74,  76,  etc,  1886. 

tBetter  CoucJiictiing,  for  reasons  stated  above. 

tGeological  and  Natural  History  Survey  of  Canada.    Annual  Report  (New  Series),  vol 
lii,  Part  I,  pp.  182,  with  a  map. 
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of  positioDS  preyiouBly  assumed  than  to  the  elimination  of  new 
views,  and  thus,  in  spite  of  its  value,  does  not  seem  to  demand  more 
than  the  citation  of  a  few  passages.  Among  the  facts  however, 
which  possess  greatest  interest,  are  some  occurrences  of  a  conglom- 
erate which,  as  nearly  as  may  be  judged,  is  an  extension  of  the 
Ogiehke  conglomerate  of  Minnesota. 

'*0n  the  shores  of  Bat-£oot  bay,  the  basal  beds  of  the  Keewatin 
are  pebble-conglomerates,  of  which  the  paste  is  a  green  schist,  and 
the  pebbles  mostly  water-worn,  rounded  or  oval  pieces  of  vitreous 
or  saccharoidal  quartz.  Some  of  the  pebbles  are  feldspathic,  and 
when  so,  are  occasionally  foliated.  On  the  south  shore  of  the  bay, 
boulders  of  granite  are  observed  to  form  part  of  the  conglomerate, 
one  boulder  being  at  least  eighteen  inches  in  diameter,  and  of  a 
roughly  rounded  shape"  (pp.  38,  82,  105). 

Again  on  Grassy  lake,  the  basal  beds  of  the  Kewatin  ''are  fissile, 
soft,  green-chloritic  and  homblendic  schists,  the  detrital  origin  of 
which  is  established  by  the  fact  that  on  the  north  side  of  the  lake, 
they  constitute  the  paste  of  a  pebble-and- boulder-conglomerate" 
(pp.  55,  82).  This  conglomerate  is  much  more  voluminous  on  the 
north  side  of  Shoal  lake. 

Among  the  soft  fissile,  glossy  gray  schists  of  the  Kewatin  series 
at  the  west  end  of  Schist  lake,  there  are  several  beds  of  conglom- 
erate, the  pebbles  of  which  are  mostly  quartz  rock,  and  the  matrix 
a  soft,  more  or  less  calcareous,  decomposed  schist,  stained  yellow- 
ish with  oxide  of  iron. 

He  notes  the  parallelism  of  the  two  series  and  says  again,  this 
affords  but  little  evidence  of  original  conformity;  and  relies  upon 
the  abrupt  lithological  contrast  for  evidence  of  a  historical  break. 
The  conglomerate  he  regards  as  a  basal*  conglomerate  ''in  which 
the  pebbles  have  very  probably  been  derived  from  the  underlying 
formation"  (pp.  56,  105). 

He  notes,  what  has  also  been  observed  in  Minnesota,  that  the 
series  of  crystalline  schists  is  quite  inconstant  in  its  occurrence. 
Sometimes  the  Kewatin  rests  on  the  gneiss,  and  then  the  basal 
member  is  likely  to  be  hornblende  schist.  But  this  schist  is  apt 
to  be  wanting  when  the  Kewatin  rests  on  mica  schist  (p.  38). 

Of  the  hornblende  schists  he  says: 

"There  is  much  presumptive  evidence  in  favor  of  the  view  that 
they  are  partly  altered,  massive  rocks,  and  partly  altered,  volcanic 
ash- beds  (pyroclastic),  but  little  or  none,  that  they  are  the  altera- 
tion products  of  clays  or  other  forms  of  detrital  matter." 

*Thi8positionofthoOgIshkeCk>nKloiiierate  of  Minnesota  has  seemed  to  the  writer 
<:learly  pointed  out  by  the  facts  observed.  SeeSirteentA^nn.  Rep.  Minn.  pp.  344-360; 
360-360. 
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The  changes  undergone  have  been  so  profound  that  the  originil 
character  has  been  destroyed,  and  a  new  rock  of  different  oonstitoent 
minerals  has  crystallized  in  situ.  Pressure  and  crushing  may  haTd 
been  potent  in  the  destruction  of  the  original  structure;  bat  in  the 
later  history,  chemical  or  metamorphic  forces  have  been  chiefly 
active,  and  have  obliterated  all  the  traces  of  crushing  (p.  73). 

Of  thes<^>{t,  fissile,  green  schists  he  says: 

''These  are  schists  closely  resembling  the  paste  of  some  of  the  con- 
glomerates.  They  are  usually  distinctly  bedded.  Their  clastic 
origin  can  scarcely  be  doubted,  though,  as  in  the  paste  of  some  of 
the  conglomerates,  their  association  with  bedded  traps  and  their 
mineralogical  analogy  with  the  altered  phases  of  those  traps,  ren- 
ders it  extremely  probable  they  were  never  ordinary  clays,  bat 
were  originally  fine-grained,  volcanic  ash-beds,  the  constitneDt 
minerals  of  which  have  suffered  alteration  and  decomposition 
along  the  same  lines  as  those  observable  in  the  traps"  (p.  82). 

He  finds  few  serpentines.  Their  relations  to  the  rooks  adjoin- 
ing them  are  ill-defined.  They  appear  to  be  the  alteration  pro- 
ducts of  igneous  masses  which  have  the  same  geological  age  as 
the  traps  and  other  volcanic  rocks  of  the  Kewatin  series;  and 
although  their  common  boss-like  character  suggests  that  they  are 
intrusive  through  the  Kewatin  rocks,  such  intrusion  has  probably 
taken  place  co^'val  with  the  bedded  formations,  volcanic  and  sedi- 
mentary, of  the  Kewatin  (p.  97). 

In  reference  to  the  relations  of  the  Couchiching  series  to  the 
Kewatin  and  Laurentian,  he  remarks: 

**Without  being  able  to  conclusively  prove  it,  there    appears  to 
be  much  presumptive  evidence  in  the  facts  cited,  to  show  that  the 
present  eminently  crystalline  state  of  the  Coutchiching  series  is  the 
result  of  the  metamorphism  of  strata  which  were  originally  in 
large  part,   ordinary   quartzose  sediment,  although  part  may  pes* 
sibly  have  been  acid  volcanic  rocks,  such  as  quartz-porphyries  or 
felsites.     In  many  parts  of  the  series  garnets  abound,    and   if  the 
rocks  were  carefully  examined,  other  metamorphic  minerals  wonld 
doubtless  be   found.     That  percolating  silicious   solutions   were 
active  agencies  in  effecting  the  metamorphism  of   these   strata,  is 
proved  by  the  fact  that  in  many  places,  particularly  on   the   north 
side  of  Saginaw  bay  and  east  of  Bruh'  narrows,  the  partings   be- 
tween the   beds  have  served  as  fissures  for  the  deposition  of  vein- 
quartz.     This  vein- quartz  is  very  abundant  in   lenses  or    lens-like 
sheets,  and  is  clearly  a  secondary  product  in  the  rock.     The  same 
watery  solutions   which  desposited  the  quartz  in  these  lenses,   n 
the  more  open  portions  of  the  formation,  must  have  saturated  the 
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rock  throughout,  and  given  rise,  probably,  to  much  of  the  quartz 
and  feldspar  in  it.  Only  in  one  instance  has  hornblende  been 
observed  throughout  the  whole  series.  There  are  no  intercalations 
of  basic  volcanic  rocks,  and  none  that  can  now  be  distinctly  recog- 
nized as  acid  volcanic  rocks.  There  are  no  limestones  or  dolomites 
in  the  series,  nor  have  any  conglomerates  been  observed."  (p.  105.) 

The  subject  of  inclusions  in  the  Laurentian  gneiss  is  very  partic- 
ularly treated.  These  gneisses,  both  of  the  granite  and  the  syenite 
type,  frequently  consitute  a  matrix  in  which  angular  fragments  of 
schists  are  inclosed.  These  are  most  abundant  in  the  vicinity  of 
the  lines  of  junction  with  the  overlying  schists.  The  included 
fragments  may  belong  either  to  the  Couchiching  or  Kewatin  series. 
Along  the  zone  of  contact,  apophyses  or  dykes  from  the  gneiss 
penetrate  the  contiguous  sheets.  These  facts  are  thought  to  prove 
that  the  inclusions  are  simply  detached  portions  of  the  overlying 
formations  "which  in  a  firm  and  brittle  condition,  have  become 
immersed  in  the  underlying  viscid  magma,  which  subsequently 
crystallized  out  as  the  Laurentian  gneiss  and  granite.  It  seems 
probable,  too,  that  such  shattering  and  detachment  of  fragments 
took  place  at  the  last  stages  of  crumpling  of  the  crust  in  this 
region.  .  .  After  the  solidification  of  the  Laurentian  gneisses, 
there  was  no  farther  very  violent  deformation  of  the  crust,  for  the 
Laurentian  rocks  appear  to  have  resulted  from  the  fusion  not 
simply  of  the  floor  upon  which  the  Goutchiching  and  Kewatin  rock 
first  rested—rwhat  ever  such  floor  may  have  been* — but  also  with 
it  of  portions  of  those  series"  (pp.  130,  131  ).t 

1890.  Early  this  year.  Dr.  Lawson  published  a  thoughtful  and 
important  memoir  on  the  internal  relations  and  taxonomy  of  the 
Archsean  of  Canada.;];  He  discusses,  first,  the  separability  of  the 
Archaean  into  two  divisions,  which,  with  subdivisions,  would  pre- 
sent the  following  scheme: 

*Tbe  recognition  of  the  necessity  of  a  "floor"  on  which  the  marine  sediments  could 
have  rested,  Is  a  tacit  admission  of  the  existence  of  a  geoIo};ical  formation  older  than 
that  formed  from  the  sediments.  To  say  that  we  know  nothing  of  that  solid  floor  ex- 
cept as  an  inference,  is  the  same  as  we  must  say  about  the  former  fused  or  plastic 
condition  of  the  granites  and  gneisses.  The  indications  of  such  plasticity  afford  no 
stronger  basis  for  the  inference  than  the  indisputable  necessity  of  a  solid  non-igneous 
sea-bottom  to  support  the  waters  of  a  sediment-laden  ocean.  We  have,  in  reason,  in 
both  cases,  satisfactory  ground  for  a  conclusion,  and  in  both  cases,  proof  from  obser- 
vation is  precluded.  In  fact,  the  conclusion  that  molten  masses  of  granite  emerged 
through  or  Into  beds  of  strata  already  existing,  possesses  the  same  kind  of  support  as 
tlie  conclusion  that  a  solid  foundation  earlier  existed  for  the  penetrated  strata  to  ac- 
cumulate upon.  It  is,  in  short,  demonstrable  that  the  schists  have  no  claim  to  be 
reckoned  first  in  the  order  of  time. 

^Phenomena  of  the  class  here  described  have  also  been  fully  detailed,  with  many 
Illustrations,  from  the  contlgous  territory  of  northern  Minnesota.  See  Fifteenth  and 
Sixteenth  Annual  Reports,  GmI.  Surv,  Minn.,  1886, 1887. 

tBuUetinof  the  Qeoloaieal  Society  of  America,  pp.  175-104,  March  20. 
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ARCH2EAN. 

Ontarian.        [Now  first  proposed.] 
Kewenian.*    [Nipigon.] 
Huronian.     [  Animike.  ] 

Kewatin.*     [Often  coDfoonded  with  HuroniaD] 
Couchiohing.*    [Vermilion  of  N.  H.  Winchell.] 
Laurentian. 
In  presenting  a  petrographical  description  of   the  members  of 
the  Ontarian  division  he  says  of  the  hornblende  schists: 

''The  field  evidence  points  to  their  derivation  from  basic  Tolcan- 
ic  rocks,"  and  cites  examples  from  Norway  and  Scotland  tending 
to  prove  ''the  derivation  of  the  bulk  of  the  hornblende  schists  from 
normal  volcanic  massive  rocks,  which  were  originally  bedded  with 
other  stratified  rocks,  either  as  flows  or  as  injected  silld.  Other 
hornblende  schists  are  probably  derived  from  an  analofj^ous  alter- 
ation  of  tafPsof  basic  volcanic  rocks"  (p.  179). 

As  to  the  extent  of  the  inflaence  of  metamorphism  in  the  Onta- 
rian system,  Dr.  Lawson  offers  reflections  which  narrow  the  gap 
between  him  and  the  metamorphic  school.     He  says: 

"In  deference  to  these  [plutonists]  and  other  anti- metamorphic 
schools  of  thought,  in  which  for  the  most  part,  theory  seems  to 
crowd  oat  fact,  it  becomes  necessary,  with  the  accamalation  of  evi- 
dence of  recent  years,  to  point  out  the  great  additional  strength 
acquired  by  the  theory  of  metamorphism  as  applied  to  the  Archiean 
by  the  recognition  of  the  volcanic  origin  of  much  of*  the  material 
upon  which  metamorphic  agencies  have  operated,  and  by  the  limi- 
tation of  its  application  to  the  upper  division  [Ontarian]  of  the 
Archjiean;  the  rocks  of  the  lower  division,  or  Laurentian,  being 
susceptible  of  an  entirely  different  explanation.  The  lack  of  dis- 
crimination between  the  essentially  different  characters  of  the 
upper  and  lower  Archa3an,  and  the  lumping  of  the  whole  complex 
together  as  having  necessarily  the  same  origin  and  development  has 
been  the  great  mistake  alike  of  che  metamorphic  and  the  ex- 
treme plutonic  schools.  Just  as  the  metamorphic  theory,  properly 
limited,  affords  the  explanation  of  the  development  of  the  rocks  of 

♦Kewonian  is  not  named  in  tliis  connection,  but  In  previous  documents  It  Is  put  in 
the  position  here  indicated. 

Althoujfli  thlsslijrlitly  simplified  ortliojrraphy  of  three  of  these  divisions  is  here  used 
by  the  writer,  tlie  terms  are  considered  tlie  same  as  tliose  employed  by  Dr.  Ljiwson. 

In  writing  of  tlie  Couchiching  series,  for  which  the  name  "Vermilion  series"  was 
employed  by  N.  II.  Winchell  about  the  same  time  as  proposed  by  Dr.  Lawson,  he  takes 
occasion  to  express  regrets  that  the  present  writer  had  used  •'Vermilion  series"  and 
"Vermilion  system"  "in  a  much  more  comprehensive,  but  still  undefined  sense."  It  is 
proper  to  say  tliat  tliose  expressions  were  not  intended  as  tiixonomic  In  value,  but 
simply  as  geographical,  referring  to  the  whole  assemblage  of  rocks  atiout  Vermilion 
lake. 
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the  upper  Archaean  from  normal  formations,  so  by  a  similar  limita- 
tion of  the  platonic  theory,  and  the  introduction  of  some  modifying 
considerations,  we  will  find  in  the  latter,  a  rational  and  consistent 
explanation  of  the  origin  of  the  rocks  of  the  Laurentian"  (p.  181)* 

In  another  memoir,  Dr.  Lawson  has  recorded*  important  obser- 
yations  on  the  pre-Palseozoic  surface  of  the  Archaean  terranes  of 
Oanada.  The  surface  known  as  roches  moutonn^es,  generally  at- 
tributed to  the  action  exerted  during  the  last  glaciation,  is  seen  to 
haye  existed  when  the  Palaeozoic  sediments  ware  laid  down — form- 
ations of  whatever  age  adapting  their  under  surfaces  to  the  bossy 
surface  of  the  Archaean. 

Another  announcement  possesses  similar  interest.  Vestiges  of 
Palaeozoic  strata  are  now  known  in  so  many  districts  resting  in  the 
protected  depressions  of  the  Archaean,  that  it  appears  probable  that 
a  large  part  of  the  Archaean  surface  was  once  covered  by  a  blanket 
of  fossiliferous  rocks.  In  this  view,  the  region  which  we  call  the 
Archaean  nucleus  of  the  continent  was  not  visibly  such  until  after 
a  vast  amount  of  denudation;  though  of  course,  it  really  existed  as 
a  grand  swell  in  the  fundamental  structure  of  North  America.  A 
further  inference  from  such  a  fact  is  the  certainty  that  the  material 
of  the  Palaeozoic  sediments  was  derived  from  some  source  now  lost 
to  view. 

.  It  becomes  necessary  to  bring  to  a  close  our  citations  from  the 
views  of  American  workers  on  the  bature  and  history  of  the  older 
rocks.  Though  the  undertaking  has  produced  more  voluminous 
results  than  were  anticipated,  there  still  remains  a  large  body  of 
valuable  opinions,  to  which  justice  demands,  probably,  that  some 
reference  be  made — opinions  both  of  those  who  have  been  quoted, 
and  opinions  of  others  who,  thus  far,  have  been  but  incidentally 
mentioned.  Begretting  the  necessity  for  these  omissions,  the  com- 
piler hopes,  nevertheless,  that  what  has  been  presented,  may  prove 
useful  to  many  students  in  this  diffiouU  field  oE  inquiry. 

ERRATA. 


Page   77— For  "Bucoides"  read  Fuooidee. 

Page   88 — For  *'It  is  intended"  read  It  is  not  intended. 

Page  108 — After  **Ge«»rgia  trik.bites"  insert  to. 

Page  113~De]e  "[^T'  ^^^  ^^e  Jines  below  substitute  [4]  for  [b\ 

Page  126— Last  line  for  x  read  plu& 

Page  207 — For  '^resents  the  following"  read  presents  the  following. 
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VIII. 
ADDITIONS  TO  THE  LIBBABY  SINCE  THE  REPORT  OP  1881 

Albany.    New  York  State  Muaeam  of  Nataral  HLstory.  Annual  reports,  36-39. 

Bulletin,  1,  2,  4-6. 
Alien  burg.   N^atorf orschende  Gesellflohaft  dee  Oeterlandee.  MittheiluDgen,  IIL 
Austin,    State  Qeologioal  and  Scientific  Society.    Bulletin,  I,  3  and  12. 
Baltimore.    American    Chemical   Joomal,    yii;  viii;  iz,  1,2,  4-6;  x,  1,  2,4-6; 

xi;  xii,  1-7.    General  Index  to  Vols.  i-x. 
BcueL    Natarforschende  Oeeellschaft.    Yerhandlnngen,  yiii,  1-3. 
Belfast.    NaturallstB'  Field  Club.    Annual  report,  iii,  1. 
Belgrade.    Inetitut  Geologiqne.    Ajanales  Geologiqae  de  la  P^ninsnle  Bal- 

kanique.    Tome  1. 
Bergen.    Bergens  Museum.    Aarsberetning,  1885-88. 
Berlin.    Geeellschaft  fUr  Erdkunde.    Verhandlungen,  xri,  1-6.    Zeitschrift 

XXV,  1  3. 
Bern.    Naturforschende  Qesellscbaft    Mittheilungen,  878-1214. 
Boston,    American  Academy  of  Arts  and  Sciences.    Proceedings,  xtL 
Bremen.    Natur-wisaenschaftlicher  Verein.    Abhandlungen,  x;  xi,  1, 2. 
Brooklyn.    Public  Library.    Annual  report,  31. 
Brunn.    Natur  forscbender   Yereiu.    Verhandlungen,    xxiii — xxyiL    Bericht, 

der  Meteorologipchen  Commission,] 883- 1887. 
Bruxelles.    Soci<^'t<3  Entomologique  de  Belgiqae.    Compte  Rendu,  iii,  99-102; 

117-120. 
Budapesth.    Ungarischen  Geologischen  G^sellschaft.      Mittheilungen,   xti; 

xvii,  1-6,  9-12;  xviii;  xix;  xx,  1-4. 
Buffalo.    Society  of  Natural  History,  v,  1, 2, 
Cambridge.    Appalachian  Mountain  Club.    Appalachia,  iv,  2,  3;  v,  with  map; 

vi,  1.    Register  for  1890. 

Museum  of  Comparative  Zoology.    Bulletin,  v;  xii,  1-6;  xiii,  1-4,  6-10;  xiv, 

xv;  xvi,  1-8;  xvii,  1-6;  xviii;  xix,  1-4;  xx,  1.    Aonual  report,  1885-1888. 

Peabody  Museum  of  American  ArchsBology  and  Ethnology.    Annual  re- 
port, 18-22. 
Canada.    Geological  Survey.    Annual  report,  ii,  with  maps;  iii,  1, 2,  with  maps. 
Champaign.    Illinois  State  Laboratory  of  Natural  History.    Bulletin,  i;  ii,  1- 

6;  iii,  1-3,  7.    Ornithology  of  Illioois,  vol.  i. 
Chnpel  Hill.    Elisha  Mitchell  Scientific  Society.    Journal,  v;  vi;  vii,  1. 
Christiania.    Meteorologiek^  lostitute.    Jahrbuch,  1885-1887. 
Cincinnati.    Society  of  Natural  History.    Journal,  xii,  4;  xiii,  1, 2. 
Colorado  Springs.    Colorado  College  Studies.    Annual,  i. 
Columbus.    Agri cultural  Experiment  Station.    Bulletin,  i,  1. 
Darmstadt.     Verein  f  Qr  Erdkunde.    Notizblatt,  iv,  6-10. 

Geologischen  Landesaustalt.    AbhandluDgen,  i,  B,  4. 
Davenport.    Academy  of  Natural  Sciences.    Proceedings,  iv;  v,  1. 
Denver.    Colorado  Scientific  Society.    Proceedings,  ii,  2,  3;  iii,  1. 
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Dresden,    Veran  fUr  Erdkunde.    Litteratur  des  lands  und  Tolkskunde  des 

kSnigBreiohs  £(aohaen. 
Dublin.    Boyal  Dublin  Society.   Proceedings,  iy,  7-9;  v;  yi,  1-6.   Transaotionsi 

iii,  7-14;  iv,  1-6. 
Edinburgh.    (Geological  Society.    Transactions,  iv,  8;  iv,  1-4.    Catalogue  of 

library. 

Royal  Society.    Proceedings,  xv;  xvL 
Frankfort.     Qeological  Survey  of  Kentucky.     Kentucky  fossil  shells.     A 

monograph  of  the  fossil  shells  of  the  Silurian  and  Devonian  rocks  of 

Kentucky.    H.  Nettleroth.   Preliminary  map  cf  Kentucky.    J.  B.  Hoeing* 
Oiessen.    Oberheasisohen  Oesellschaft  fUr  Naturund  Heilkunde.     Bericht, 

zxvi;  xxvii. 
Glasgow.    Geological  Society.    Transactions,  vii,  2;  viii,  2. 

Philosophical  Society.    Proceedings,  xx. 
Oranville.    Denison  Scientific  Association.    Bulletin,  i;  ii,  1, 2. 
Oustrow.    Yerein  der  Freunde  der  Naturgeechichte  in  Mecklenburg.    Arohiv, 

xliii. 
Halifax.'  Nova  Scotian  Institute  of  Natural  Science.    Proceedings,  i,  4;  ii; 

iii,  1,  3;  iv;  v;  vi;  vii,  8. 
Hanover.    Natnrhistorische  (ieeellschaft.    Jahresbericht,  xxiv-xxxiv. 
IgU).    Ungarischen  ILarpathen  Verein.    Jahrbnch,  vi-xvii 
Indianapolis.    Geological  Survey.    Annual  report,  xv. 
Iowa  City.    Laboratories  of  Natural  History,  University.    Bulletin,  i,  1-4. 
Jefferson  City.    Geological  Survey.    Bulletin,  i. 
Karlsruhe.    Naturwissenschaftlicher  Verein.    Verhandlungen,  x. 
Kiel.     Natur-wissenschaftlicher  Verein  ftlr  Schleswig-Holstein.     Schriften* 

•  •  *        • 

lU-Vl. 

University.    96  pamphlets,  mostly  inaugural  dissertations. 

Kiew.  Soci^t<S  des  Naturalistes.  Mdmoires,  iii- viii;  ix,  1,  2,  supplement;  x; 
xi,7. 

Klagenfurt.  Naturhistorischen  Landes — Museums  von  Kftmten.  Jahrbuch, 
XXXV ;  xxxvii.    Diagramme,  1886-1889. 

Konigsberg.  Physikalisch-oekonomische  (Gesellschaft.  Schriften,  1876-1889, 
Duplicated  for  1879-1889. 

Lansing.    Board  of  Agriculture.    Annual  report,  xxviii. 

Leipzig.    Verein  far    Erdkunde.    Mittheilungen,  1887, 188a 

Lille.     Soci^t^  G^ologique  du  Nord.    Annales,  xv,  2  copies. 

Lincoln.    University  studies,  1, 7. 

Lund.    University.    Acta  universitatis  Lundensis,  xxv. 

LUneberg.    Naturwissenschaftlicher  Verein.    Jahresheft,  xi. 

Madison,  Wisconsin  Academy  of  Sciences.  Transactions,  vii.  State  Histor- 
ical Society.    Catalogue  of  Ubrary,  i-vii. 

Mendon.    American  Antiquarian,  vii;  4-6;  viii,  ix;  x;  xi;  xi,  7. 

Meriden.     Scientific  Association.    Transactions,  iii. 

Mexico.  Sodedad  Oientiflca  ''Antonio  Alzate."  Memoriae,  i;  ii;iii,  7-8.  Ob- 
servaioire  Meteorologique  Central  de  Mexico.  Boletin  Mensual,  I;  H,  1-9* 
Annales  del  Ministerio  de  fomento  de  la  Bepublica  Mexicana,  viii.  In- 
f ormes  y  documentos  relatives  &  Comerdo  Interior  y  Exterior  Agricultura, 
Mineria  4  Industrias,  49,  61-69.  Informs  que  la  Comision  para  la  destruc- 
cion  de  la  langusta. 

Minneapolis.    Academy  of  Natural  Sciences.    Bulletin,    iii,  7.     American 
Geologist,  i-v;  vi,  1-4. 
-16 
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MontrMl    Canadian  Beoord  of  Soienoe,  i,  3, 4;  ii,  1,  2,  4-8;  iii,  l-8»  7;  It,  a 

MoBCOU.  Soci^t^  Imperiale  dee  Naturalistes.  Bulletin,  1884,  ir;  1885-1888; 
1889,  i-iiL    Beilage,  1885-1889.    Noaveaox  Memoirea,  xy,  4,  8. 

New  York.  Academy  of  Soienoee.  Transaotiona,  iii;  t.  Ajinala,  ill,  9, 10;  iv; 
V,  1-3.  American  (ieoin^phical  Society.  Bulletina,  zxi,  Sapplement; 
xzii,  1, 2.  American  Moaeum  of  Natural  History.  Annnal  report,  1887- 
88: 1889-90. 

New  Zealand.  Colonial  Museum  and  (Geological  Surrey.  Annual  reports  20- 
28.  Beport  of  (Geological  explorations,  xfii;  xriii;  xix.  Index  to  reports 
of  the  (Geological  Surrey  of  New  Zealand  from  1866  to  1885.  Meteorologi- 
cal report,  1885.  Official  reoord  of  the  New  Zealand  Industrial  Exhibi- 
tion of  1885.  Studies  in  biology  for  New  Zealand  students,  ilL  Manual 
of  the  New  Zealand  Ooleoptera,  ylL 

Norway.    The  Norwegian  North  Ailantic  Expedition,  1876-1878,  xy-xix. 

Numberg.  Natur-historische  Gesellsohaft.  Jahresbericht,  1887,1888.  Fest- 
schrift zur  BegrQssung  dee  18de  Eongreas  der  Deutschen  Anthropolo- 
gisohen  (Gesellsohaft 

Faris,  Soci^t^  Zoologique  de  France.  Bulletin,  i-xiii;  xIt,  1-10;  xy,  1-5. 
Memoirea,  i;  ii;  iii,  pp.  1-96. 

Philadelphia.  Academy  of  Natural  Sciences,  1888;  1888;  1890,  i.  American 
Naturalist,  xxu;  xxiii,  265-269, 271-276;  xxiy,  277-284.  Wagner  Free  In- 
stitute.   Transactions,  1. 

Reno,    Agricultural  Experiment  Station.    Bulletin,  8. 

Rio  de  Janeiro.    Museo  Nacional  Archivos,  yiL 

Salem.    Peabody  Academy  of  Science.    Annual  reports  of  the  Truatees,  1874- 

1884;  1886;  1887. 

OoDventionalism  in  ancient  American  Art. 
St  Anthony  Park.    Agricultural  Experiment  Station.    Bulletin,  ix. 

St.  Louie.    Academy  of  Science.    Transactions,  iv,  4;  v,  1,  2. 

S.  Paulo.    Commifls^o  G^ographioa  6  (Geologioa  da  Province  S.  Paulo.    Bole- 

tio,  l-lll. 

St.  Petersburg.    Comit<i  Geologique.    M^moiree,  L  1-4;  ii,  1.     Bulletin,  i-vii. 
San  Diego.    West  American  Scientist,  ii,  14, 15, 17. 

San  Francisco.  California  Academy  of  Sciences.  Bulletin,  i;  iL  Proceed- 
ings, i;  ii. 

State  Mining  Bureau.    Annual  reports,  v-vii;  ix. 
San  Jose.    Institute  Meteorologico  Nacional.    Boletin,  1888, 1-2,  4. 
Santiago.    Deutschen  Wissenschaftlichen  Yerein.    Yerhandlungen,  v. 
Stettin.    Verein  fUr  Erdkunde.    Jahresbericht  1886, 1887, 1888. 
Stockholm.    Institut  Boyal  Geologique  de  la  Su^de,  Series  C,  29,  63,  65,  67111, 

113-115. 

Eatomologisk  Tidskrift,  viii-x.  Geologiska  Fdrening.    Forhandlingas,  xi. 
Sydney.    Free  Public  Library.    Report  from  Trustees  for  1888-89. 
Topeka.    Kansas  Academy  of  Sciences.    Transactions,  x;  xi;  xii,  L 

Washburn  Laboratory  of  Natural  History.    Bulletin,  i;  ii,  8-11. 
Toronto.    Canadian  Institute.    Proceedings,  iii,  3,  4;  iv-vi;  vii,  1. 

Public  Library.    Catalogue. 

Koyal  Commission.    Mineral  resources  of  Ontario,  1890. 
Trenton.    Natural  History  Society.    Journal,  i,  2. 
Upsala.    University.    Arsskrift,  1886,  1887, 188a 
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WcuhingUm.    National  MuBeum.    Prooeedings,  zii,  778,  776,  777,  779-788,  In- 
dex; xiii,  790, 791, 794-814.    BuUetin  8a 

Philosophioal  Society.    Bulletin,  i-iv;  vi-ix;  x,  pp.  1-40.     A  memoir  of 

Joseph  Henry.    By  Wm.  B.  Taylor. 

Proceedings  at  a  meeting  commemoratiye  of  the  life  and  scientific  work  of 

Spencer  Follerton  Baird. 

Smithsonian  Institution,  annual  reports.  1882, 1883, 1884,  1885, 1886,  1887. 

Report  upon  International  Exchanges,  Register  of  the  War  Department, 

1889.   Official  Congressional  Directory,  1889.     United  States  Geological 

Survey.    Annual  report  iv-vii;  viii,  1,  2.    Bulletins,  yii-ML    Monographs* 

T-xi;  xii,  with  atlas;  xiii;  xiv;  xv,  1, 2;  xyi« 

Mineral  resources  of  the  United  States,  1888-84, 1885, 1886, 1887. 
Wien,    K.  K.   natur-historischen    hof-museums.     Annalen,  i-iv;  v,  1, 2.    E 

K.    Zoologisch-botanischen  Gresellsohaft.     Verhandlungen,  xxxiii-xxxix; 

xi^l,  2. 

DONATIONa 

Bomeman,  John  Q.    Die  versteinerungen  des  Oambrischen  Sohichtensystem 

dee  Insel  Sardinien. 
Brauns,  D.    Das  problem  des  Serapemus  von  PazzuolL 
Olark,  W.  B.    Ueber  die  geologische  verhftltnisse  der  Oegend  aordwestlioh  vom 

Aachen  See. 
Danielson,  D.  0.  and  J.  Eoren.    Fauna  littoralis  NorvegisB.   Part  1-8. 
Dawson,  G.  M.    The  mineral  wealth  of  British  Columbia. 
Frazer,  Persifor.    The  Archean  Palsaozio  Contact  near  Philadelphia,  Pa. 

Arohean  characters  of  the  rocks  of  the  nuoleal  ranges  of  the  Antilles. 
Fuchs,  Edmond.    L'Isthme  de  Corinthe,  sa  constitution  geologique.    3  copies. 

Notice  necrologique  sur  A.  E.  Beguyer. 

Notice  sur  la  constitution  des  Gites  die  Phosphate  de  Chaux. 
Gorman,  H.    A  preliminary  report  on  the  animals  of  the  waters  of  the  Mis- 
sissippi bottoms. 
Gkttschet,  A.  S.    Six  excerpts  on  ethnological  subjecta 
Geinitz,  F.  Eng,    Die  Blattinen  aus  der  unteren  Dyas. 

Das  Erdbeben  von  Iquique  am  9  Mai,  1877. 

Die  Skandinavischen  Plagioelas  geeteine  und  Phonolith. 
Gerster,  C.    Die  Planer-bildungen  um  Ortenburg  bei  Pastan. 
Hehl,  R.  A.    Yon  den  vegetabilischen  Sohfltzen  Brasiliens  und  seiner  Boden- 

cultur. 
Helland,  A.    Lakis  kratem  og  lava  strdmme. 
Hensoldt,  H.    A  naturalist's  rambles  in  Ceylon. 
Jensen,  O.  S.    Turbellaria  ad  litora  Norvegias  occidentalis. 
li^vy,  A.  Michel.    Sur  une  gisement  francais  de  Melaphyres  &  Enstatite. 
liindahl,  J.    Thirteen  excerpts  on  zoological  subjects  from  the  Eongl,  Yeten- 

skaps  Akademiens,  Handlingar. 
liftfstrand,  G.    Cm  apotitens  forekomst  i  Norrbotiens  Iftn. 
Marcou,  J.    American  geological  classification  and  nomenclature. 
Nausen,  F.    Bidrag  til  Myzostomemes  anatomi  og  histologi. 
Ochsenius,  C.    Beitrflge  zu  Erklftrung  der  bildung  von  Stein salzlagem. 
Pohling,  Hans.    Dentition  und  kranologi  des  Eliphas  antiquus  Pole. 
Reusch,  Hans.    Bommeloen  og  Earmoen  medamgivelsergeologiek  beskrevne 
Rutley,  Frank.    Rock-forming  minerals. 

On  Trachyte  from  Yictoria  Park. 
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Stenzel,  Gostav.    Die  Gktttang  Tubioanlk  Ootta. 

Saow,  F.  H.    Oa  the  discovery  of  a  fossil  birl-traok  in  the  Dakola  sandstoDe 

Ulrioh,  EL  O.    Contributions  to  the  Mioropalfldontologry  of  the  Cambro-SHuriaD 
rocks  of  Canada.    Part  H. 

Zinken,  C.  F.    Die  geologischen  horizonten  der  fossilen  Kohlen. 

BY  PURCHASE. 

Noxioas  and  beneficial  insects  of  the  state  of  Illinois:    Reports  6-1 1. 

Insects  injurious  to  agriculture.    Bj  P.  R  Hoy. 

On  the  genera  of  Aphidn  found  in  the  United  States.    By  Benj.  D.  Walsh. 

Spiders  of  the  United  States.   By  N.  Al.  Hentz. 

The  water-power  of  Maine.    Walter  Wells. 

List  of  the  Coleoptera  of  America  north  of  Mexico.    Samuel  Henshaw. 

Remarks  on  sjmonyms  of  European  spiders!    Parts  1-4.    T.  Thorell. 

On  European  spiders.    T.  Thorell. 

Schoolcraft's  Mississippi  river.    Summary  narrative. 

Butterflies  of  the  Eastern  United  States.    Q.  H.  French. 

Enumeratio  Hemipterorum.    Parts  1-5.    C.  Stal. 

32  papers  on  iron  ores.    Purchased  from  A.  E.  Foote. 

Annual  reports  of  the  Commissioner  of  Mineral  Statistics  of  Michigan  for  1880 

1881  and  1884. 
Mines,  miners  and  mining  interests  of  the  United  Stales  in  1882.    Balch. 
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PUBLICATIONS  OP  THE  GEOLOGICAL  AND  NATURAL 


HISTORY  SURVEY  OP  MINNESOTA. 


I.     ANNUAL  REPORTS. 


The  First  Annual  Bkport  on  thk  Gsolooical  and  NATUiuif  Histo&t  Subyby 
OF  Minnesota,  for  thb  Ysab  1872.  113 pp.,  Svc;  with  a  oolored  map  of  the  state. 
By  N.  H,  WincheU.  Published  in  the  Regents'  Report  for  1878;  Second  edition 
Identical. 

Thb  Sboond  Annual  Rbpobt  on  thb  Gbological  and  Natural  Histort  Subykt  of 
MiNNasOTA*  FOR  THB  Ybar  1873.  146  pp.,  8vo.;  with  illustrations.  Bj  N,  H.  Winehell 
and  8.  F.  Ptekham.    Published  in  the  Regents*  Report  for  1873.    Out  of  print. 

Thb  Third  Annual  Report  on  the  Oeolooigal  and  Natural  Histort  Survbt  of 
Minnesota,  for  the  tear  1874.  42  pp.,  8vo.;  with  two  county  maps.  By  N.  H.  Win- 
ehdl.    Published  in  the  Regent's  Report  for  1974.    Out  of  print. 

The  Fourth  Annual  Report  on  the  Geological  and  Natural  Histort  Survbt 
OF  HiNNESOTA,  FOR  THE  TEAR  1875.  102  pp.;  8to.;  With  four  county  maps  and  a 
number  of  other  illustrations.  By  N.  H.  WinehOl,  assisted  by  M.  W,  Harrinaton. 
Also  in  the  Regents'  Report  for  1875.    O  ut  of  print. 

The  Fifth  Annual  Report  on  the  Geological  and  Natural  Histort  Survbt  of 
Minnesota,  for  the  tear  1876.  248  pp. ;  8vo. ;  four  colored  maps  and  several  other 
illustrations.  By  N.  H,  WincheU;  with  reports  on  Chemistry  by  S.  F.  Peckham: 
Ornithology  by  P.  L.  Hatch;  Entomology,  by  AUen  WhUman;  and  on  Fungi,  by  A. 
E.  Johnaon.    Also  in  the  Regents'  Report  for  1876.    Out  of  print. 

The  Sixth  Annual  Report  on  the  Geological  and  Natural  Histort  Survbt  of 
Minnesota,  FOR  the  tear  1877.  226  pp.;  8vo.;  three  geological  maps  and  several 
other  illustrations.  By  N.  H.  WincheU;  with  reports  on  Chemical  Analyses,  by  8.F. 
Peckham;  on  Ornithology,  by  P.  L.  Batch;  on  Entomology,  by  AUen  Whitman;  and 
on  Geology  of  Rice  county,  by  L.  B.  Sperry.  Also  in  the  Regents'  Report  for  1877. 
Out  of  print. 

The  Seventh  Annual  Report  on  the  Geological  and  Natural  Histort  Survbt 
OF  Minnesota,  for  the  tear  1878.  123  pp. ;  8vo.;  with  twenty-one  plates.  By  N. 
B.  WincheU;  with  a  Field  Report,  by  C.  W,  BaU;  Chemical  Analyses,  by  8.  F.  Peck- 
ham; Ornithology,  by  P.  L.  Batch;  a  list  of  the  Plants  of  the  north  shore  of  Lake 
Superior,  by  B.  Juni;  and  an  Appendix,  by  C.  L,  Beniek^  on  the  Microscopic  Ento- 
mostraca  of  Minnesota;  twenty-one  plates.  Also  in  the  Regents*  Report  for  1878. 
Out  of  print. 

The  Eighth  Annual  Report  on  the  Geological  and  Natural  Histort  Survbt  of 
Minnesota,  for  the  tear  1879.  188  pp.;  8vo.;  one  plate  (Oastoroides).  By  iV.  B. 
WincheU.  Containing  a  statement  of  the  methods  of  Microscopic  Lithology,  a  dis- 
cussion of  the  Cupriferous  Series  in  Minnesota,  and  descriptions  of  new  species  of 
brachlopoda  from  the  Trenton  and  Hudson  River  formations;  with  reports  on 
the  Geology  of  Central  and  Western  Minneso^,  by  Weuren  Upham;  on  the  Lake 
Superior  region,  by  C.  W.  BaU;  lists  of  birds  and  of  plants  from  Lake  Superior,  by 
ThomoM  8  .  Roberta;  Chemical  Analyses,  by  S.  F.  Peekham;  Report  by  P.  L.  Batch; 
and  four  Appendixes.    Also  In  the  Regents*  Report  for  19?0  and  1880.   Out  of  print. 
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